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“Why anybody knows what that is!” the Texan said. “That's 
radar.* Invented right here in Texas. It can see in the dark, this 
radar can. You can’t make a move without its knowing it, no 
matter if you're two miles away.” 


| “What's that?” the man from Oklahoma asked. 


“If that's what radar is — some ass on a treadmill, goin’ no- 
A few years after the Battle of the Alamo, a Texan was showing where . . . for something that can see in the dark and you can't get 
a friend from Oklahoma around the famed battle site. away from — we've had them in Oklahoma for years.” 
Everything was preserved just as it had been on the historic day. “You've had radars for years?” 
The donkey still plodded patiently on his treadmill, making the “Sure,” the Oklahoman said. “Only we call ’em husbands 


great radar antenna turn round and round. and wives.” 
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For PROVED RELIABILITY under 
all conditions..consider COLLINS 





Throughout the world ... in every extreme of 4 \ 
climate and over every kind of terrain... Sy? 
Collins microwave-carrier systems have proved 
and are proving their reliability where it counts 
—on the job. For information on how Collins 
may help you solve your own particular com- 
munications problem, contact Collins Radic 
Company of Canada, Ltd., 11 Bermondsey Rd., 


Toronto 16, 


Ontario, 
Canada. 


COLLINS RADIO COMPANY . DALLAS, TEXAS CEDAR RAPIDS, IOWA + BURBANK, CALIFORNIA 
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Speakers at the Mont- 
real Data Transmission 
Seminar (1 to r): B. C. 
Borden, IBM; R. W. 
Ralston, AT&T; J. N. 
Petrie, Automatic Elec- 
tric; Dr. B. P. Nicholls, 
Northern Electric; F. 
B. Bramhall, Lenkurt 
Electric; R. C. Mat- 
lack, Bell Tel. Labs. 


authors and articles in this issue: 


Ihe president of American Tele- 
phone and Telegraph Co. said recently 
that within twenty years fifty per- 
cent of all communication would be 
data communication, with only half 
the traffic on telephone circuits com- 
prising conventional transmis- 
sion This estimate is considered 
somewhat high by other experts in the 
field, but the lowest prediction is that 
about twenty percent of all traffic will 
involve data transmission. 

Industry spokesmen have 
out that there is hardly a form of 
business endeavor which not 
in some way involve the transmission 
of essential data as part of its normal 
operation. The need for data trans 
mission will increase as the adoption 
of business data processing equipment 
becomes more widespread. The field 
has barely been touched as yet, but 
examples such as American Airlines’ 
new nationwide data processing net- 
work serve to illustrate the point 

Many other projects of a similar 
nature, including company 
and bank networks, are either installed 
or in the planning stage, both in the 
United States and Canada. A 
market of $100 million is predicted 
for data transmission equipment by 
1965, with an additional $300 million 
involved in equipment to tie in existing 
or planned computer centres with the 
data transmission facilities 

This is supported by a prediction 
of AT&T that over 100,000 data ter- 
minals will be required within the next 
five to seven years; the total for the 
entire communications industry will 
obviously be much higher 


voice 


pointed 


does 


insurance 


yearly 


Recognizing the importance of this 
field to the communicaticns industry 
in Canada, Automatic Electric Sales 
(Canada) Ltd. sponsored two identical 
seminars on data transmission § in 
Montreal on November 16-17, 1959, 
and in Edmonton on April 25-26, 
1960, which were attended by over 100 
engineers from telephone, railway and 
utility organizations 

The speakers were all recognized 
experts in their particular fields. Data 

A New Field of Communications 
R. W. Ralston, Toll 
American Tele- 


was discussed by 
Equipment Engineer, 


1960 


phone and Telegraph Co., New York, 
N.Y.; R. C. Matlack, Special Systems 
Engineer, Bell Telephone Laboratories, 
Murray Hill, and Dr. B. P. Ni- 
cholls, Supervisor Data Systems 
Planning, Northern Electric Research 
and Development Laboratories, Ot- 
tawa 

J. N. Petrie, Chief 
Engineer, Automatic Electric Co., 
Northlake, Ill., spoke on Transmission 
Consideration for Data Handling 
on Telephone/Telegraph Facilities. 
Equipment Considerations for Data 
rransmission were covered by F. B. 
Bramhall, Engineering Consultant, 
Lenkurt Electric Co., Inc., San Carlos, 
Calif 

Two speakers from International 
Business Machines Co. Ltd. dealt with 
Present and Future Applications of 
Data Transmission: B. C. Borden, 
Supervisor Sales Assistance, Mont- 
real, and W. B. McMinn, Systems 
Representative, Edmonton. 


Transmission 


Canadian Electronics Engineering, 
realizing the value of making this 
wealth of information available to a 
much wider audience, arranged with 
Automatic Electric for the proceedings 
of the seminars to be recorded and 
transcribed 

John R. Simp- 
son, Radio Sys- 
tems Specialist, 
Carrier and Ra- 

Division, 

Elec- 
(Can- 
Toron- 


dio 
Automatic 
tric Sales 
ada) Ltd., 
to, then edited 
the vast amount 
of information 
that was available 
from the seminars and other sources. 
His task was not made any lighter 
by the fact that developments are tak- 
ing place so rapidly in this field that 
much new information had to be in- 
cluded 

The results appear in this issue in 
the form of an editorial review of the 
whole field of Data and its Transmis- 
sion. Mr. Simpson is also responsible 
for the comprehensive bibliography 
which has been appended to the re- 
view 


Simpson 
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Canada’s telecommunications systems 
will be controlled under emergency 
conditions by a new organization. 


ENTO — the Emergency National Telecommunications 
Organization, is to be developed within DOT and be 
under the control of the Minister of Transport. It will 
exist in nucleus form in peacetime as a planning agency, 
and in emergency will function as the executive agency 
of government in controlling and administering the 
national communications systems, including radio and 
television broadcasting. 


Future weapon system communication 
networks may go “under-the-ground” 
rather than “‘on-the-air’’. 


Use of so-called “earth currents” is being investigated 

by Boeing Airplane Company’s antenna group. The 
system is roughly comparable to radio transmission 
except the antennas are buried beneath the surface of 
the earth. It is claimed that, when perfected, buried 
antennas wili be almost impossible to destroy or 
sabotage and will allow for a substantial reduction in 
cost compared to present-day communications networks. 


Irish International Airlines have 
ordered navigation computers from 
Canadian Marconi Company. 


The computers will be used in conjunction with Doppler 
sensor systems already being supplied to Boeing for 
installation in the Irish Airlines’ fleet of ‘707’ jet 
aircraft. The announcement came within five days of 
the news of similar orders placed by South African 


Airways, and brings to four the total of orders received 
during a period of one month. This Canadian product 
is obviously being regarded as a major contribution to 

the operation of jet aircraft. 


Price breakthroughs on semiconductor 
devices have almost become daily 
news items as yields are improved. 


Latest announcements come from Philco Corp. — unit 
price of tunnel diodes introduced last March reduced 
from $10 to $5; and from Pacific Semiconductors Inc. 
— Micro-Diodes now pegged at the same level as their 
EIA counterparts (less than $5 per unit), compared to 
$50 when first introduced and $20 a year ago. PSI 
president Dr. Harper Q. North forecasts a huge market 
for micro-miniature devices during the next five years, 
the estimated period needed to implement full-scale 
utilization of true solid state circuitry. 


“Secondary industry is being treated 
as a stepchild in the very economy 
it has done so much to bring into 
being, and to endow with a high 


state of prosperity”—J. D. Campbell. 


Mr. Campbell, executive vice-president and a director 
of Canadian Westinghouse Co. Ltd., made this claim 

in a recent address to the Toronto Rotary Club. He 
blamed “obsolete” trade policies and attitudes for the 
fact that, since 1952, electrical imports had risen 65 
percent faster than all Canadian imports, and called for 
the Canadian businessman, voter, government, and 
politicians to “stop living in the past or in the 
never-never land of wishful thinking.” (For more on 
imports, see page 56). 
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Radio, television, and record player sales all took a dive in April 
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Efficient communications demand the utmost in 
perfection of components. Wires and cables of the 
most exacting specifications are essential for both 
inside and outside plant. Telecables & Wires Ltd., 
spares no effort to bring you the very highest quality 
products. Prompt and efficient service is assured. 4 
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Jordan 98685 
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10330— 104 St. 
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Chestnut 3-6960 
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People in the industry 





Parkes named sales manager 
at George Kelk Limited 


Appointment of Herbert E. Parkes 
to the position of sales manager of 
George Kelk Limited, Willowdale, 
Ont., has been announced by George 
F. Kelk, president. 

Mr. Parkes, formerly with the 
Electronic Computer Division of Bur- 
roughs, has had broad experience in 
technical sales liaison, engineering 
writing, and industrial electrorics. He 
will be responsible for consolidating 
the sales and advertising activities of 
the Kelk organization. 


RCA Victor appoints two 
in technical sales 


B. R. Machum, manager of the 
Technical Products Marketing Divi- 
sion of RCA Victor Company, Ltd., 
Montreal, has announced the appoint- 
ments of J. I. Shalinsky as technical 
field sales representative, and W. D. 
West as technical representative, spe- 
cial accounts. 

Jack Shalinsky attended Strathcona 
Academy in Montreal, and studied 
engineering physics at McGill Univer- 
sity. While attending university, he 
worked in the Technical Products En- 
gineering Department of RCA Vic- 
tor, and joined the company perma- 
nently in 1958. After a year in the 
engineering department he was trans- 
ferred to the Research Laboratories, 
where he has been associated with 
research into solid state infra-red de- 
tectors. 

As technical representative, Mr. 
Shalinsky will be responsible for sales 
of scientific instruments and industrial 
electronic products, including electron 
microscopes, industrial closed-circuit 
TV and automation, beverage inspec- 
tion and food handling equipment. He 
will be located in Montreal and will 
handle customers’ requirements in 
both Ontario and Quebec. 


Parkes 


After graduating from Queen's 
University, Kingston, with a B.Sc, in 
engineering, Bill West served for 
three years in the Royal Canadian 
Navy, reaching the rank of Lieuten- 
ant in the anti-submarine Helicopter 
Squadron No. 50. He joined RCA 
Victor in the fall of 1958, working as 
an engineer with the Government 
Service section of the Technical 
Products Service Division. 

In his new position, Mr. West will 
be responsible for sales of all Tech- 
nical Products to non-Defence Gov- 
ernment Departments, and other spe- 
cial accounts. 


Leaves Atlas Radio to 
Start new company 

Al Hoffman, who for many years 
headed the advertising and sales pro- 
motion department of Atlas Radio 
Corp. Ltd., Toronto, has resigned and 
is starting his own high fidelity com- 
pany. The new firm will be known as 
Majestic Sound Company and will 
specialize in tape recorders and com- 
ponents. Present address is 552 Cran- 
brooke Ave., Toronto 12, Ont. 


Hoffman Cotton 


Succeeding Mr. Hoffman as man- 
ager of advertising and sales promo- 
tion at Atlas Radio Corp. Ltd. is 
Harold J. Cotton. For the past five 
years he has been employed in the 
technical publications branch of the 


Shalinsky 
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electronics industry, and did service 
work prior to that. 


Service division 
appointments 

Two appointments for the National 
Service Div. of Canadian Admiral 
Corp. have been announced. R. J. 
Duncliffe has been appointed general 
manager of the service division and 
G. N. Brearly has been appointed 
manager of national service parts and 
accessories. 


Duncliffe Brearly 


Mr. Duncliffe has been with the 
company since 1948, beginning as a 
technical inspector. He was formerly 
service manager with the Toronto sales 
branch, and field representative for 
the service division. Mr. Brearly has 
been with the company since 1951 
and has served as service manager at 
the Toronto branch. 


Hogue now Honeywell's Ottawa 
military liaison manager 

Honeywell Controls Ltd. have as- 
signed R. H. Hogue as Ottawa tech- 
nical liaison manager for military 
products. 

A graduate of the University of 
Toronto in mechanical engineering 
(49), Mr. Hogue has had consider- 
able experience in the electronics and 
avionics fields in Canada. His military 
background includes service both with 
the RCAF and the RCEME. Prior 
to joining Honeywell in 1956, he was 
Inspector of Electronics with the De- 
partment of National Defence, In- 
spection Services. His work with 
Honeywell has included technical 
liaison on automatic flight control sys- 
tems. 

(Continued on page 64) 
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Electrosonic Supply Co. Ltd. 

; Radio Trade Supply Limited 
resistors. Canadian Electric Supply Co. Ltd. 


Price bulletins are available from each author- MONTREAL 
ized distributor. Your local representative as- Canadian Electric Supply Co. Ltd. 
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Wackid Radio Television Laboratories 


parts distributors to represent their full line of 


expert guidance in the selection of correct 
components and good service’ facilities close to NORTH BAY 
you. He can also assist you with made-to-order Johnson Electric Supply 


components in some cases. HAMILTON 
Western Radio Supply Co. Ltd. 


For information on any of our products contact P.B. Electronic Supply Limited 


your nearest Ward Leonard distributor or write KITCHENER 
to: McDonald Electric Co. Ltd. 
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Reports from the industry 





U.S. drug company buys 
Canadian computer 


Ferranti-Packard Electric Ltd. has 
won a $150,000 contract from Elli- 
cott Drug Co., Buffalo, N.Y. for the 
design and production of a rapid 
electronic catalogue look-up system. 

This customer has a problem look- 
ing-up and locating code numbers for 
some 25,000 items. Each order re- 
ceived by the Ellicott Drug Co. in- 
cludes an average of 65 items, each 
of which is located manually and the 
code noted for entry into a computer 
system. This requires an average of 
15 seconds per item for completion. 

The Ferranti-Packard system will 
include equipment for transferring a 
catalogue of the 25,000 items to 16 
mm film and a separate unit to elec- 
tronically drive the film to the proper 
location, to stop it, and to project it 
on a screen integral with the equip- 
ment. The control panel is a standard 
keyboard. The operator keys the first 
3 letters of the required item and 
automatically the catalogue page, con- 
taining this item, is projected on the 
screen. The average time between key- 
ing and projection is 11% seconds. 


CF-104 fire control 
equipment 

Canadian General Electric Co. Ltd., 
Electronic Equipment & Tube Dept. 
has received a contract to manufac- 
ture computer and display sub sys- 
tems for the RCAF’s new CF-104 
fighter aircraft. These form part of 
the fire control system and work in 
conjunction with other equipment in 
the aircraft, including radar and na- 
vigational devices. The equipment 
being designed and made at C.G.E. 
is an adaptation of armament equip- 
ment originally designed by General 
Electric Company in the United 
States. 


Canadian business publications 
win award for survey 

Mediascope magazine’s highest 
award for media research goes to the 
Business Newspapers Association of 
Canada this year for its “London 
Study”. 

Sponsorship of this major research 
project on industrial purchasing by 
Canadian business papers won the 
U. S. magazine’s Bronze Plaque. It is 
presented annually “for a significant 
contribution to media research which 
has served to improve the delineation 
of media or their markets.” 

Entitled “How Industry Buys,” it 
was one of the biggest industrial re- 
search projects ever undertaken in 
Canada and excited interest on both 
sides of the border and in the United 
Kingdom. 

Published by BNA as a 275-page 
bound volume, the report probed in 
depth the industrial purchasing and 
selling processes in Canada. It was 
sponsored by the Business Newspapers 
Association of Canada with the co- 
operation of the Canadian Chapters 
of the National Industrial Advertisers 
Association (now the Association of 
Industrial Advertisers). 

The study was directed by Dr. Don- 
ald H. Thain and Dr. D. S. R. Leigh- 
ton, associate professors of business 
administration at the University of 
Western Ontario School of Business 
Administration and Charles B. John- 
ston, lecturer in business administra- 
tion at the school. 

A. A. Duane, chairman of BNA’s 
research committee, planned the pro- 
ject and edited the manuscript, a 
monumental task. 

Graduate students from the univer- 
sity interviewed 36 companies in the 

(Continued on page 66) 


Among the 133 people attending the Canadian Luncheon at the 1960 Elec- 
tronic Parts Distributors Show in Chicago was this “family” group (1 to r): 
John Hackbusch, Bill Pointon, Ralph Hackbusch, Jerry Pointon, Chas. W. 
Pointon, A. C. Simmonds, Claude Simmonds, and Dave Simmonds. 
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Ottawa report 


The Department of Transport 
has had to go to Britain in 
search of radio operators, Leon 
Balcer, acting secretary of state 
has informed Liberal J. W. 
Pickersgill in the Commons. 

Despite government subsid- 
ized training courses for radio 
operators in Canada and re- 
peated advertising for them 
across the country, said Mr. 
Balcer, the necessary supply has 
failed to materialize in this 
country. 


A recent study by the federal 
labor department indicates the 
Canadian manufacturing indus- 
try is not as apprenticeship- 
conscious as it should be — if 
Canada is to have the skilled 
manpower it will need in future. 

Labor Minister Starr pointed 
up this situation in a statement 
on the issuance of the depart- 
ment’s study findings. 

“The demand for skilled 
tradesmen,” said Mr. Starr, 
“could exceed the supply in any 
future expansion of the econo- 
my unless steps are taken now 
to develop more industrial train- 
ing programs in Canada.” 

The study showed that there 
has been a gradual increase in 
the number of formal appren- 
ticeship programs in manufac- 
turing industries since World 
War II. 

“But it is evident,” Mr. Starr 
said, “that those companies 
which are training apprentices 
are only a minority of the firms 
which might conceivably estab- 
lish such programs.” 

The department has issued a 
pamphlet based on the study, 
available for 25 cents a copy 
from the Queen’s Printer, Otta- 
wa, under the title: Bulletin No. 
3, Apprenticeship in Manufac- 
turing. 


One of the incidental results of 
the recent Commons discussion 
on establishment of a special 
committee to study policy, oper- 
ations and expenditures of the 
National Research Council and 
crown-owned atomic energy 
bodies was a reminder of the 
valuable information services 
available to private business and 
industry at NRC. 

Trade Minister Churchill pro- 
vided the reminder in a review 
of NRC activities and purposes. 

(Continued on page 64) 
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efficiently handled . . . from jobs of only one operation to those involving many 
thousands of transactions and many hours of machine processing. 


Your payroll accounting, invoicing, inventories, sales 
analyses, cost records, etc. can be processed with speed, 
accuracy and efficiency at the IBM Service Bureau. 
Upon request, an IBM representative will discuss 
your requirements with you confidentially. 


IBM 


SERVICE BUREAU 


DON MILLS ROAD, TORONTO 6, ONTARIO, Hickory 4-2511 
Branches in principal cities. 
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SUBMINIATURE G-E SILICON 
JUNCTION DIODES 


NOW PRODUCED IN CANADA - IMMEDIATE AVAILABILITY - GREATLY REDUCED PRICES 
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And here are more subminiature semiconductor For additional information on G-E Silicon Junction 
rectifiers that will help solve your power supply Diodes or subminiature rectifiers write or contact: 
size problems: IN645-IN649 and IN677-IN689 Electronic Tube Section, Canadian General 
with ratings up to 600 PIV at 400 ma. Electric Co., Ltd., 189 Dufferin St., Toronto. 


GENERAL ELECTRIC 
SEMICONDUCTORS 


Electronic Tube Section 1839-160 
CANADIAN GENERAL ELECTRIC COMPANY LIMITED 
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SPECIFY 
OTROMBERG-CARLSON 
“oll, MULTIPLEX 


FOR YOUR MICROWAVE SYSTEM 








Stromberg-Carlson ‘‘511'’ Multiplex, compatible with all major 
RF systems, is engineered for low-cost application to a wide 
variety of system arrangements. 

You may use these units singly; or, with translators, combine 
them into groups to build up high-density systems. To your com- 
munications, ‘‘511'’ Multiplex brings an unsurpassed combina- 
tion of: 

Flexibility: applications include point-to-point radio, telephone, 
teletype, telemetering, facsimile and control systems. 
Economy: the units employ frequency division, single side- 
band, suppressed carrier techniques for more economical use 
of available frequencies. 

Reliability: quality components, with safety ratings well above 
accepted norms, assure long life while reducing maintenance and 
replacement costs to a bare minimum. 

Appliques: also available are various types of adaptors for: 
Dial Station, Dial Trunk, Teletype or V.H.F. Transmitters; Selec- 
tive Ringing Units; Line and Station Adaptors; and 4-wire Switch- 
ing Equipment. 


STROMBERG-CARLSON TONE UNITS 


.. fill your growing need for amplitude-modulated tone transmitting 
and receiving equipment in telegraphy, telemetering and control 
on wire line, carrier and radio circuits. 

Delivery on multiplex and tone signaling equipment is prompt; 
service is available from our field engineering staff. Write for 
descriptive literature. 


Exclusive Canadian representatives 


HACKBUSCH ELECTRONICS LIMITED 
23 Primrose Ave., Toronto 4, Ont. d De K 
STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS 
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REFERENCE 
BULLETIN NO. 7 








Clip and file this reference sheet for future use 


Philips tetrodes in six designs for original equipment 
or improved plug-in replacements 





Here are 6 Philips tetrodes from Rogers’ that combine optimum 
performance and maximum reliability with an unrivalled latitude 
of selection. Available with powdered glass or standard metal 
base, these tubes feature massive zirconium treated graphite 
anodes to handle large, temporary overloads. The ruggedized 
sintered glass bases provide lower lead inductance, excellent heat 1 

dissipation characteristics and dimensional compactness. The 6156 4-250A 
standard metal bases insure a complete range of replacement 7527 4-400A 
types from which to choose. 


Powdered Giass | Metal Base | Max. Diss. 
Base Types Types Watts 





6155 4-125A 125 























electronic tubes & components 


A DIVISION OF PHILIPS ELECTRONICS INDUSTRIES LTD., 
116 VANDERHOOF AVENUE, TORONTO 17, ONTARIO. 
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CRONAFLEX: best engineering films you can use 








CRONAFLEX: Photographic versatility 
CRONAFLEX plus photography plus 
drafting equals the best combination 

for photo-drafting techniques. 


CRONAFLEX: Durability of CRONAR* base 


CRONAFLEX copies are free of kinks 
and tears. Its rugged and flexible base 
adds years of life to your drawings. 





CANADA 


Better Things for Better Living 
-«- through Chemistry 


*Registered trademark of E.1, du Pont de Nemours & Co, (Inc.) 


CRONAFLEX: Superb drafting surface 


Matted on both sides, CRONAFLEX accepts 
pencil and ink, erases easily 
without ghosting or affecting the surface. 


CRONAFLEX Engineering Reproduction Films are now being used to 
make outstanding reproductions of engineering drawings in shops 
everywhere. Shown here are three major reasons that help explain its 
success. There are more. 

ALL CRONAFLEX films are on rugged Cronar* polyester base. This 
means they are dimensionally stable . . . so stable that many companies 
use them for exacting template work. CRONAFLEX intermediates provide 
faster print-through speeds and better resolution of detail because of the 
optical clarity of the base. 

CRONAFLEX films are now available in four types: (1) Direct 
Positive Film; (2) Contact Film; (3) Projection Film; (4) CroNnaFLex 
Drafting Films. It’s the most complete-versatile line of engineering repro- 
duction films you can use. For more information, contact your Du Pont 
Technical Representative, or write: Du Pont of Canada Ltd. Photo 
Products, 85 Eglinton Ave. East, Toronto 12, Ontario. 
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Simplicity is the keynote in the new 
Daystrom-Weston Model 6702 multi- 
point recorder — simplicity in both 
design and performance. 

Open the door and you see the ad- 
vantages of the Daystrom-Weston 
famous unitized design — no jungle 
of wires, no hard-to-get-at areas... 
every component related in the sim- 
plest, most serviceable, most efficient 
way. 

Interchangeability is easier than 
ever — from one number of points to 
another ... one range to another... 
one chart speed to another. You need 
only a change plug and newly-com- 


bined station indicator and printing 
wheel — two units instead of three. 

The remarkable Daystrom-Weston 
D-PAK®, solid state Constant Cur- 
rent Source, eliminates batteries, 
standard cells, standardizing mech- 
anisms ... and their maintenance! 

You also get all the advantages of 
the full Daystrom-Weston potenti- 
ometer line —long-term reliability 
...high resistance to shock and 
vibration . . . maximum flexibility 
(recorder-controller “packages”, in- 
cluding panels and accessories, can 
be suited to your specific applica- 
tion). 


You get all this, yet a single in- 
strument handling from 2 to 24 
points costs 15% less than the aver- 
age multi-point! And it can readily 
be converted toa single-point, curve- 
drawing instrument by means of a 
pen accessory. 


For further information, call or write: 
Daystrom Ltd., 840 Caledonia Road, 
Toronto 19, Ontario; 5430 Ferrier 
Street, Montreal 9, Quebec, a subsid- 
iary of Daystrom Inc. 
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Philco-Canada brings you... 


AUTOMATION 
IN DATA 
TRANSMISSION ! 





New Telesignal Dispatcher Model TDI 
Does Not Require Skilled Operator— 
Improves Accuracy, Convenience, Speed. 


Now, through the science of Philco-Canada, auto- e Fixed information is permanently wired into 
mation comes to the field of data transmission. circuit, can be readily changed as needed. 

Weather forecast systems, air and rail lines, 
banks, refineries—almost every major industry or 
business will find important savings in speed, 
accuracy and personnel by applying this new 
Philco invention to data transmission problems. Several different messages can be composed at 
one time—they can be sent individually or in 


Automatically “holds” a manually-set message 
for any transmission desired; prints time mes- 
sage is transmitted. 


e Sends fixed or variable messages over conven- 
tional teletype circuit, containing letters, fig- rapid succession, and are easily checked for 
ures or symbols. accuracy before transmission. 


e Handles up to 400 characters. e Custom symbols can be added as required. 


oe | i | Co government and 
industrial division 


Mail this coupon for important booklet “Automation in Teletype Transmission”. 











PHILCO CORPORATION OF CANADA, 
Government & Industrial Division, 

Don Mills, Ontario. 

Please send your booklet “Automation in Teletype 
Transmission”—without obligation, 




















i 


For further information mark No. 35 on Readers’ Service Card 
CANADIAN ELECTRONICS ENGINEERING JULY 





Z 





Phantom view shows simplicity of Sola design. Note 
absence of components requiring maintenance such as 
motors, gears, contactors, tubes and relays. 


Schematic diagram indicates the complete reliance on 
static elements. This is the circuit of a representative 
Type CVS regulator which delivers output having less 
than 3% total rms harmonic content. 


What's missing 
in this Sola 
voltage regulator? 


When they designed the Sola Constant Voltage 
Transformer, what did they leave out? Trouble, 
for one thing. Original equipment manufacturers 
and plant engineers know that when you build 


in simplicity, you build out maintenance headaches. 


The two illustrations at the left show clearly the Sola’s 
few parts and straightforward design. This compact 
simplicity is possible because Sola regulators employ 


static-magnetic methods of voltage control. 


The basic Sola design eliminates moving parts, renew- 
able parts, manual adjustments, routine maintenance, 
and spare parts stock. Because there is nothing to wear 
out, no tubes to burn out — you know that when you 
specify Sola voltage stabilization, you automatically 


specify trouble-free reliability. 


Despite this simplification, the Sola gives you these 
performance benefits: +1% regulation over input volt- 
age variations as great as +15%, response time of 1.5 
cycles or less, protection against short circuits for itself 
and its load, a high degree of isolation between input 
and output circuits, and negligible external field. Type 
CVS (illustrated with typical circuit diagram) delivers 
a commercial sine wave with less than 3% total rms 


harmonic content. 


Sola static-magnetic units are available for regu- 


lation of common line voltages, as well as filament, 


plate-filament, computer-circuit and variable voltage 


outputs. They can also be supplied in step-up and step- 
down ratios to replace conventional non-regulating 
transformers. 

Whether you are developing new electric or electronic 
equipment, or have a specific voltage regulation prob- 
lem, your nearest Sola sales engineer will be happy to 


discuss your requirements with you. 


Write for Bulletin CV 


| SOLA | a= 


An Affiliate of 
Cc RB Basic Products 

SOLA-BASIC PRODUCTS LTD. Corporation 

377 Evans Ave., Toronto 18, Ont., Clifford 1-1147 
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SELEX-Teleprinters 
for Office Automation 


for tar e-to-car 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 


WERNERWERK FUR TELEGRAFEN- UND SIGNALTECHNIK 


eee 
e °e@ A&S... stands for Assurea Satisfaction 


200 ~ THE AHEARN and SOPER COMPANY LIMITED 


@<e 
@e 850 Belfast Road + Eimvale Acres + Ottawa + Canada 
eec+eee 
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KCP SERIES 


KT SERIES KR SERIES 


three for dependability at low cost 


MEET P&B’s FAMILY OF “K 


> 


Here are only three of a large family of ‘‘ K Series’ 
relays by P&B. Blood brothers all, they are 
distinguished by fine craftsmanship and design 
maturity. Together they will handle a multitude 
of switching requirements. 


Many design engineers find it saves time, saves 
money to integrate their circuits with related P&B 
relays. Makes sense, doesn’t it? 

KR—A small, lightweight relay used widely in 
communications and automation. Engineered 
for long life and dependability. 3PDT max. AC 
or DC. (See engineering data.) 

KT—Designed for antenna switching. Capaci- 
tance: 0.5 mmfds between contacts. Terminal 
board is glass melamine and stack insulation is 
glass silicone for minimum RF losses to switch 
300 ohm antenna line. 3 PDT max. AC or DC. 


KC—Low cost plate circuit relay with sensitivity 
of 125 mw per pole. Factory adjusted to pull-in 
on specific current values. Available open, her- 
metically sealed or in clear plastic dust cover 


SERIES” RELAYS 


KR ENGINEERING DATA 


GENERAL: 
Breakdown Voltage: 500 volts rms minimum between 
all elements. 
Temperature Range: 
DC Coils—45°C to 85°C, 
AC Coils—45°C to 70°C. 
Terminals: 
Pierced solder lugs standard. Octal 8 and 11 pin 
plug-in headers available, 
Enclosures: Type K—Hermetically sealed. 
Type P clear cellulose acetate dust cover. 
CONTACTS: 
Arrangements: 3 Form C (3PDT) mox. 
Material: Ve" dia. fine silver (gold piloted). 
Other materials available to increase contact capacity. 
Load: 5 amperes 115V 60 cycle resistive. 
COWS: 
Resistance: 16,500 ohms max. AC or DC 
Power: 1.1 watts minimum to 4 watts maximum for 
DC at 25°C ambient. 


Duty: Continuous 
Insulation: Centrifically impregnated with insulating varnish, 


with standard octal-type plug. 3 PDT max. DC. PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD Canapa Lrp. 


GUELPH, ONTARIO 
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e Provided with internal calibration voltages. 





@ Provided with a 12.5 cm linear scale with 
anti-parallax mirror reading. 

e Protected against overloads. 

e For all normal mains supplies (110-245 V, 


40 c/s-100 c/s). 


@ Suitable for use under tropical conditions. 


GM 6020 


ie De i Li se S electronic measuring 


Sold and serviced by Philips Organizations all over the world 


Further information will gladly be supplied by: 


Philips Electronics Industries Ltd., 
Leaside, Toronto 17, Ont. - Montreal: 8525 Decarie Bivd 
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Broadband Millivoltmeter, type GM 6012 





Frequency range: 2 c's - 1 Mc/s 

Measuring range: | mV (f.s.d.) - 300 V in 12 steps 

@B scale: -80 dB up to +52 dB (0 dB = 1 mW into 600 Q ). 
Input impedance: 4 M‘)in parallel with 20 A/F (up to 3 V) 
10 MQ in parallel with 10 HH F (in the other ranges). 
Overall accuracy with respect to full scale: 

within + 2.5%, 5 c/s - 100 ke’'s 

within + 5%; 2 c's - 1 Me's 


Pre-deflection: < 100 BY 


High Frequency Millivoltmeter, type GM 6014 


without with 
GM 6012 pre-attenuator pre-attenuator 
Frequency range: | kc/s - 30 Me/s 10 ke’s - 30 Me/s 
Measuring range: | mV (f.s.d.) - 100 mV (f.s.d.) 
300 mV in 6 steps - 30 V in 6 steps 
4B scale: -80 dB up to -8 dB -40 dB up to +32 dB 


Damping at Lke's | MQ 50 MQ 
I Me/s: 700 kQ 10 MQ 
30 Me's: 50 kQ 2 MQ 
Input capacitance: 7 HH Fk 2 AE 
Pre-deflection: Compensated by electrical zero setting 
Variations of the frequency characteristic: 


<5%o over the whole range, with respect to the response at the 
frequency of the calibration voltages. 


Overall accuracy: < 3° with respect to full scale and with 


reference to the frequency characteristic 


DC Microvoltmeter, type GM 6020 


Input I Input Il 
Measuring range: 100 HV (f.s.d.) - 10 mV (f.s.d.) - 
10 Vin 11 steps 1000 V in 11 steps 
Input impedance: | MQ (+ 1.5") 100 MQ (+ 1.5%) 
in parallel with in parallel with 
20 Mk 10 “pk 
Overall accuracy with respect to full scale: 3° 
Pre-deflection:< 5 [IV 
Drift:<1 LV per hour after 1 hour of warming-up 
Automatic polarity indication doubles the effective 
scale length with respect to centre-zero instruments. 
DC currents may be measured directly with this instrument 
due to the high accuracy of the input resistance: 
Measuring range: 100 HMA (f.s.d.) - 10 HA 


Mecuracy: < 3.5" 


GM 6014 


instruments: RUE eS CSL 


PHILIPS 
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...and 200 miles away a telephone rings! 


Eight hours ago, an expanse of barren mountain- 
ous country made communication impossible. 
Tonight, 60 telephone channels and teletype 
span the wilderness. 

Transportable MICROSCATTER is a super 
high frequency radio system for long-range 
communication. Developed by Canadian 
Westinghouse, MICROSCATTER beams sig- 
nals high above the earth sending two-way 
voice and teletype messages up to 200 miles over 
land and water . . . without costly relay stations. 
The compact MICROSCATTER radio system 
fits in a standard 30 ft. truck trailer. Now, 
whenever men and equipment move, MICRO- 
SCATTER moves right along with them. It is 
particularly suited to military and government 
projects in remote locations. Units designed for 
self-contained field operations are set down by 
helicopter. 


CANADIAN 


Westinghouse 


For further information mark No. 


A Westinghouse communications specialist will 
be pleased to explain fully the MICRO- 
SCATTER operation and relate it to your 
problem. Contact your nearest Westinghouse 
office, or write to Canadian Westinghouse 
Company Limited, Electronics Division, 
Hamilton, Canada. YOU CAN BE SURE... 
IF IT’S WESTINGHOUSE. 


MICROSCATTER APPLICATIONS 


MILITARY 
—radar 
—data 
— 120 telephone 
channels 
Tactical and —60 voice channels 
Transportable—teletype 
—data 


COMMERCIAL 
Fixed Station —120 telephone | 
channels 
—television and 
sound 
Transportable— 40 telephone 
channels 
—teletype 


Wide Band 





FEATURES 





* Frequency—4400-5000 mc 
* Antennas —10 to 28 ft. diameter 


* Power—2 KW 
* Range—100 to 200 miles 





60-A-745 
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THE NATIONAL SCENE | 


“From transistor radios to computers— 


one of National’s 115 materials and grades will 
give you optimum performance in your design.” 


Why go on a wild goose chase from supplier to supplier 
for the special plastic material you need for your design? 
A time- and trouble-saving check with National gives you 
unbiased help and a material best suited to your property 
requirements. 

National offers the broadest line of basic engineering 
materials in the industry . . . over 115 materials and grades. 
You can select the one best material to fit your design elec- 
. chemically. For example: 


trically . . . mechanically . . 


If you are looking for a new printed circuit material with 
self-extinguishing properties against fire, National offers 
XXXP-475. It is made without costlier resins—can be 
punched at warm temperatures (130° F.—150° F.). 


Vulcanized Fibre, extruded thermoplastics and PHENOLITE® 
laminated plastics offer a wide range of property combina- 


tions, such as high electrical-mechanical values plus excel- 
lent water absorption and dimensional stability character- 
istics. Or, electrical properties plus rigidity and heat 
resistance. Or, electrical properties plus chemical resistance 
and dimensional stability under load 

You will also find three other important “properties”’ at 
National: an understanding of your needs; a willingness 
to work with you; and a facility to fill your requirements 


fast and efficiently. 


fs WATIONAL 


FEBRE COMPANY OF CANADA. LTD. 
ATLANTIC & HANNA AVENUES * TORONTO 

1405 BISHOP STREET * MONTREAL 

ADDRESS DEPT. 11-7 
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The vertical-deflection system of 
this new Dual-Trace Oscilloscope Main Characteristics 
has four operating modes: (1) Input chan- 


Frequency Response 
nels switched on alternate sweeps— (2) In- de to 15 m 


put channels switched at a free-running : 

iz ; ‘ Transient Response 
rate of about 150 kce— (3) Channel A used a 
separately — (4) Channel B used sepa- 


. . : Vertical Sensitivity 
rately. It is a completely-integrated high- 


0.05 v/div to 20 v 

quality laboratory oscilloscope with the 

additional advantages of small size, low 

weight, high reliability, and easy operation. 

4 Operating Modes 
Channel A only 


Your Tektronix Field Engineer will be 
happy to arrange a demonstration in your 


‘ y ; : Channel B only i al, external, or line frequency 
application. Call him for complete details. ee ee er ae ee Oe 
150 k with switching transients blanked H.F. Sync to approximately 20 m 


e Alternate—elecitronic switching on Price $1000 
Tektronix, Inc. alternate sweeps 


CANADIAN FIELD OFFICE: Willowdale, Ontdrio 
3 Finch Avenue East * Phone: Toronto, BAldwin 5-1138 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Go. « Baltimore (Towson, Md.) « Boston (Lexington, Mass.) « Buffalo, N.Y. « Chicago (Park Ridge, III.) « Cleveland, Ohio « Dallas, Texas « Dayton 
Ohio « Denver, Colo. « Detroit (Lathrup Village, Mich.) « Endicott (Endwell, N.Y.) « Greensboro, N.C. « Houston, Texas « Kansas City (Mission, Kan.) « Eest Los Angeles, Calif. « .. West Los Angeles, Calif. « Min 
neapolis, Minn. « New York City Asea (Albertson, L.1., N.Y. « Stamford, Conn. « Union, N.J.) ¢ Orlando, Fic. « Philadelphia Pa. « Phoenix, (Scottsdale, Ariz.) « Poughkeepsie, N.Y. « Son Diego, Calif. « San Francisc 
(Pale Alto, Calif.) « St. Petersburg, Fla. e Syracuse, N.Y. « Toronto (Willowdale, Ont.) Canada « Washington, D.C. (Annandale, Va.) 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics; Portland, Oregon « Seattle, Washington. Tektronix is represented in twenty overseas countries by qualified engineering orgonizations 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.1., for the address of the Tektronix Representative in your country. 
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MACLEAN-HUNTER BOOK SERVICE OFFERS YOU 


TWO OF THE 
WORLD'S GREAT 
REFERENCE BOOKS 


AT WONDERFUL SAVINGS 





FUNK & WAGNALIS 


View 


rar 


PRACTICAL 


picTLONAR! 
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EDWARDS 








The New 
DICTIONARY OF THOUGHTS 


Here are gems of wisdom from the world’s greatest 
thinkers . . . 20,000 thoughts of 1,800 authors in 800 
pages. Covering 800 subjects, here at last is a book 
of phrases and quotations, intelligently edited and 
properly arranged for use by busy people. In it, you'll 
find history making phrases and immortal lines of 
great generals, statesmen, preachers, authors and 
famous poets 


What This Book Will Do For You 


Funk & Wagnalls New Practical 
STANDARD DICTIONARY 


Featuring the em’-pha-type method of pronunciation 
(considered the simplest guide to pronunciation ever 
devised), this practical dictionary is designed to fill 
every need in office, home and school. Prepared from 
the work of nearly 400 specialists, its definitions are 
simple, clear, understandable everyday words. Its 
1,600 pages include 1,600 illustrations. 





Other features: 
One alphabetical order for your convenience. 


Abbreviations and latest new word lists. 

Many tables and lists, such as calendars, elements, 
constellations. 

Accurate — interesting — contemporary — compre- 


This splendid volume will put you in immediate 
possession of fitting quotations for every occasion 

It Aids You in Reading — Aids You in Writing — 
Aids You in Speaking — Broadens Your English — 
Improves Your Judgments — Refreshes Your Memory. 


hensive — scholarly this world famous dictionary 





was originally published in two volumes at $25.00. 
Maclean-Hunter Book Service offers it to you for 


Only $9.95 prepaid 


Published at $10.00 a copy, Maclean-Hunter Book 
Service offers you this outstanding book for 


Only $5.95 prepaid 














5-DAY TRIAL OFFER 

If you are not completely satisfied 
after examination of your books you 
may return them (in good condition) 
within 5 days after their arrival and 
your order will be cancelled. If pay- 
ment was sent with your order, it will 
be promptly refunded in full. 


CANADIAN ELECTRONICS ENGINEERING 


JULY 


MACLEAN-HUNTER BOOK SERVICE, — 481! University Ave., Toronto 2, Ontario 
Dept. E52 


Please send me copy of the New Practical Standard Dictionary at $9.95 


copy of The New Dictionary of Thoughts at $5.95 

| enclose full payment for above order. [] 

Bill me later, plus postage 

Your book (books) will be carefully packed and mailed to you postage prepaid 
Name 

Firm 


Address 
Province 
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HIGH SPEED 
QUATERNARY 


DATA TRANSMISSION SYSTEM 


Lenkurt has been a consistent leader in the development and application of new 
techniques to meet the expanding cammunications needs of our age. One such 
contemporary need, the transmission of business, military and scientific data at 
high speeds with great accuracy, is met by Lenkurt’s new Quaternary FM Data 
Transmission System. 


The use of binary ‘quaternary conversion, combined with the immunity of FM to 
impulse or random noise, permits transmission speeds of 2400 bits per second or 
conventional 3000 cps voice channels, with an error rate of | in 106 On suitable 
phase-delay corrected channels, speeds of up to 3360 bits per second can be 


achieved. 


Completely transistorized, the Lenkurt Quaternary equipment is designed for 
long service-free life and low power consumption, and is available for either rack 
or cabinet mounting. 


TRANSMISSION RATE: 
Nominal, 2400 bits/sec 
Maximum, 3360 bits/sec 
ABBREVIATED TRANSMISSION MEDIA: 
SPECIFICATIONS Requirements (25db S N and error rate of | in 
106): 
Voice Channel Frequency Range: 300-3100 cps 
Envelope Delay (2400 bits sec): +200 usec, 900- 
2700 cps 
Envelope Delay (3360 bits sec): +150 usec, 900- 
2900 cps 
Maximum Noise Level: 60 dba (—25 dbm) 
DATA INPUT AND OUTPUT: 
EIA Standard, —10 to +10 volts 
(other options available) 
Automatic Electric Sales (Canada) Limited, 
185 Barfley Drive, Toronto, Ontario. 
Branches across Canada. 
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"The 30-button CALL director helps secre- 
taries handle more calls, streamlines office 
operation. 


FromeNorthern Electric comes a new-style genie. . . the 
CALL director telephone. It’s the versatile virtuoso of 
modern business communications. To reach many intef 
office extensions—just press a button. To hold a telephone 
conference—just press a button. To connect outside Calls 
to others—just press a button. The CALL director 1s avail- 
able with 12, 18 or 30 buttons and manylfeatures to save 
precious business time. 


The CALL director telephone is another step forward in 
the science of business communications by Northern 
Electric, who design and manufacture most of Canada’s 
telephones and related equipment. 


Northern’s extensive experience in this field, along with 
their creative engineering and design personnel and modern 
manufacturing facilities are at your command. Branches are 
Strategically located across Canada to serve you. 


\ Northern Electric 
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and its transmission 


Many years ago, the telegraph inaugurated the concept 
of communication over long distances, and revolutionized 
our ways of doing things. Later, the transmission of oral 
information by means of telephone became possible, and 
this had an even farther-reaching effect on our business 
and social conduct. Now, the automation of business 
processes has created a demand for the rapid, accurate 
transmission of engineering, scientific, statistical and ac- 
counting information from one point to another. This 
process — data transmission — makes possible such things 
as direct communication between business machines, in 
their own language, without human intervention, and 
promises to bring about another dramatic change in our 
way of life. 

The movement of large volumes of data, some of it at 
very high speeds, has been one of the major challenges 
faced by the communications industry during the past 
several years. Many of the techniques involved have been 
known since the inception of telegraphy, others are being 
developed every day. In the following pages, some of the 
problems, functions and applications of data transmission 
are discussed, and several of the approaches and equip- 
ments which have been developed for data transmission 
are reviewed. 

First of all, we must define the term “data transmis- 
sion”, at least for purposes of discussion here. Like many 
other technological expressions, it has come to have a 
meaning which is rather more limited than its dictionary 
definition would indicate. In common usage, “data” is 
often equated with “information”, and data transmission 


The nature of data 


The most elementary unit of information is the amount 
required to permit a person or a machine to make the 
correct choice between two equally possible conditions: 
yes/no, on/off, black/white, 0/1, and so on. A code which 
utilizes two symbols to distinguish between two unpredict- 
able states is the simplest possible, and there is no method 
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is then simply the conveying of information from one place 
to another. In this context, a telegraph message, a tele- 
phone conversation, or the movement of a control signal 
from a pumping station to an oil pipeline valve, are all 
data transmission, and this, broadly speaking, is true. 

There are many different definitions for data and its 
transmission within the communications field itself, some of 
them highly personal. Aside from stating that data does 
not include speech in its normal form, and thus ruling out 
telephone conversations, it would be difficult to give a 
definition which satisfies everyone. In the discussions which 
follow, however, “data” will be taken to mean “non-nar- 
rative information, either alphabetical or numerical or 
both, in digital form, normally coded for processing, 
analysis or computation”. Our frame of reference can be 
further limited by defining “data transmission” as the 
transportation of this non-narrative, information 
from place to place without benefit of human intervention, 
editing or error correction. 

Although a distinction is often drawn between conven- 
tional telegraphy (which obeys the above definition in many 
cases) and data transmission on the basis of operational 
speed, reference to speed has been purposely omitted from 
the definition given here. Enormous quantities of data are 
moved from point to point every day by more-or-less 
conventional telegraphic methods, without human inter- 
vention, in what has been called programmed business 
telegraphy. Further, a great many present and future data 
transmission requirements may be met at normal tele- 
graphic speeds 


coded 


of information transmission which less than this 
amount of information per message. Thus, the presence or 
absence of one symbol permits the selection of the correct 
message from two possible messages, the presence or 
absence of two consecutive symbols permits the selection 
of the correct message from a group of four, three symbols 


uses 


29 











ist BIT 
“ese 


MATHEMATICALLY 


B+ LOG N 
WHERE 6 IS THE AMOUNT OF INFORMATION 
NEEDED, IN BITS, TO SPECIFY THE CORRECT 
MESSAGE OF N EQUALLY POSSIBLE MESSAGES 





will serve to convey eight possible messages, and so on, as 
shown in Fig. 1. The presence or absence of consecutive 
discrete symbols, or a change in the characteristics of such 
symbols, is the basis of data transmission. 

The use of two discrete states to convey information is, 
of course, not new. Telegraphic messages have been 
transmitted in this way for a great’ many years, with the 
two states, called mark and space, represented by the 
presence or absence of a pulse or tone, or by a discrete 
change in the amplitude, phase or frequency of a signal. 

Since the two possible states mentioned above corres- 
pond to the two symbols used in the binary number system, 
a unit of information based on a two-state, or binary code 
has come to be called a “bit,” a contraction of Binary 
digiT, Fortunately, the binary system is almost exclusively 
used in contemporary data processing and computer equip- 
ment, and the term “bit” is used to describe one unit of 
information whether it is being transmitted or processed. 


Coding 


The conversion of alphabetical, numerical ‘and other 
information into a series of discrete symbols for trans- 
mission or processing is generally referred to as “coding.” 
In the over-all process of data handling, information may 
be coded and recoded in various different ways and for 
various different reasons, and indiscriminate use of the 
word “code” can lead to confusion. 

In many cases, codes are used within data processing 
equipment which are unique to the operation of that equip- 


Figure 2 


MESSAGE 

Fig. 1. The information re- 
quirements for specifying a 
particular message. 


ment and which bear little or no relationship to the codes 
used for transmission of the same data, or even to the codes 
used in the preparation of input media for the data pro- 
cessing equipment itself. A digital computer, for example, 
will recognize and manipulate only numbers, and any 
alphabetical information which is to be included in the 
work of the computer must first be converted to numbers, 
or “coded.” The recording or storage of the same infor- 
mation on punched cards or tapes also involves coding, but 
of quite a different nature. Similarly, alphabetical infor- 
mation must be coded for transmission, but only in the 
sense that each letter is converted to a series of, say, two- 
state conditions; no translation from letters to numbers 
need take place. From the input of one computer to the 
output of another at a distant location, the same data may 
be recoded many times and into many forms, each de- 
signed to achieve as much efficiency as possible at a par- 
ticular stage in the information-handling process. 

It is difficult to draw clear-cut distinctions between 
the various types of codes, since their functions often over- 
lap, but for purposes of discussion we can assign arbitrary 
names to these codes, in functional terms, as follows: 

(a) Computational codes. The conversion of decimal 
numbers to binary form for use in digital computing 
equipment. 

(b) Storage, record, or transfer codes, The conversion 
of alphabetical or numerical information into forms 
suitable for storage or processing, generally within 
closed systems, utilizing mechanical or electrome- 
chanical means. This category would include punched 
cards, paper tapes, etc. In some these codes 
are retained for transmission, although their structure 
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may not be the most efficient for this purpose. 

(c) Transmission codes. The conversion of data of 

any kind into the form which provides maximum effi- 

ciency of transmission, or optimum information rate, 

under a given set of transmission conditions. As will 

be seen later, this is a relatively new field to which 

much attention is now being devoted. 

Although our primary concern is with (b) and (c), a 
brief review of some of the methods used to code informa- 
tion for computer use may also be of interest. 


Computational codes—binary notation 


Almost all digital computers use a language composed 
of “words” which are represented by groups of electrical 
impulses or by the condition of two-state devices. Although 
it is possible to represent decimal digits by using ten im- 
pulses or by operating ten separate devices, such a system 
is wasteful, since only four two-state devices are required 
to provide sixteen different combinations of operated and 
non-operated conditions. There are several ways in which 
one of these combinations may be related to each of the 
digits 0 through 9; the simplest method is that known as the 
binary number system. 

The representation of a number in the binary system 
is in ascending powers of 2, rather than in powers of 10 
as in the decimal system. Thus, the first column to the left 
of the decimal point is 2°, then 2' in the second column, 
and so on. There are only two permissible symbols, 0 and 
1. As in the decimal case, each symbol advances to the 
next column after all permissible symbols have appeared in 
the preceding column to the right. The representation of 
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Typical record media 


a number as a sum of ascending powers of 2, in what is 
called the binary scale of notation, is accomplished by 
multiplying each power of 2 by either 0 or 1. For the 
decimal number 205, therefore, the binary notation is 


1x2’ + 


128+ 64+ 0+ 0 B+ 4 as I 


) 2 ) »0 


24 + 1x2 + 1x2? + Ox 


1x2® + 0x2° + Ox? 1x: 


or 11001101 
Che representation of the individual decimal digits is 
given at the left in Fig. 2. If each digit is represented by 


notation, the number 205 can also be 


its own binary 
written 
2 0 5 
0010 0000 O101 

or in what is known as the binary-coded 
[his system has the advantages of simplicity, since the 
arithmetic rules are similar to those for decimal! arithmetic, 
and it is used in many digital computers. It can 
however, that straight binary notation is more efficient than 
the binary-coded decimal system, which uses twelve digits 
to represent 205 in the above example, as opposed to eight 
in straight binary notation. 

The binary system can be used in an almost infinite 
variety of ways, depending upon the particular require- 
ments of the process. Some of the binary codes in current 
use are shown in Fig, 2. The excess-three code is derived 
by adding binary three to the notation for each digit; this 
code has the advantages that it lends itself to the representa- 
tion of negative numbers, and produces the correct decimal 
carry when used to perform addition. The reflected-binary 


decimal form 


be seen 
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code is constructed so that a progression from one number 
to the next involves a change in only one bit (the progres- 
sion from one (0001) to two (0010) using normal binary 
notation involves a change in two symbols), This code is 
often used in analogue-to-digital conversion to ensure 
correspondence between the position of a shaft commu- 
tator and the digital device. 

A number of codes have been developed with character- 
istics which permit automatic checking and error detec- 
tion. The two-out-of-five and bi-quinary codes are examples 
of error-detecting codes; in this case every integer is rep- 
resented by a binary number which contains two, and only 
two, binary 1’s. If a binary number occurs in which there 
are more or less than two 1’s, an error has been made. 
Error detection can also be accomplished by “parity check- 
ing,” a technique which involves the addition of a checking 
digit, or “parity bit” to the information so that the number 
of 1’s in a row or column is either even or odd, depending 
upon the checking system. 


Storage or transfer codes—record media 


To permit machine recognition and interpretation of 
more complex messages than a simple yes or no, some 
form of coding must be used to convert alphabetical, 
numerical or other information into configurations of two- 
state conditions. The most common code is the five-unit 
permutation code, generally known as the Baudot code, 
which has been used for many years in machine telegraphy 
A paper tape using this code is shown in the top left-hand 
corner of Fig. 3. Each character is represented by a code 
group of standard length, in which there are five possible 
information-carrying pulse positions. A pulse may or may 
not appear in any of these positions, Fig. 4 illustrates the 
electrical structure of the code. 

Although the Baudot code is extensively used for cer- 
tain types of data handling, and five-channel tape is still the 
most common in this field, it has one or two limitations 
when it is applied to high-speed transmission. A five-unit 
code permits 2° combinations, or 32 possible character 
representations. This is an insufficient number of combina- 
tions to handle the 26 letters and 10 numbers of our alpha- 
numerical system, assuming equal occurrence of all char- 
acters. In telegraph transmission, this is overcome by using 
a shift character which physically alters the machine operat 
ing position from lower to upper case, In data handling, 
where letters and numbers are interspersed to a much 
greater extent, the continual shifting wastes valuable line 
time, and a larger number of possible code combinations is 
required. 

The six-unit code shown in Fig. 3, which provides 2' 
or 64 possible combinations, is coming into wider use fo1 
high-speed applications. This code has sufficient capacity 
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to handle all the letters and numbers, as well as other 
programming information where required, without the use 
of a shift character. The six-unit code does not waste any 
transmission time, since the unneeded permutations are not 
used. Seven- and eight-unit codes are now in limited use; 
the first six code elements are used to convey message 
information, and the extra one or two are used for error 
control. 

Some multichannel paper tapes have been developed 
for. specialized applications, but these are generally ex- 
panded versions of one or another of the accepted codes. 
The 28-channel tape shown in Fig. 3, for example, is used 
in automatic telephone message accounting, and actually 
consists of five 5-channel sections and one 3-channel sec- 
tion. This tape records the information required for cus- 
tomer billing purposes on direct-dialled telephone calls. 

Several of the more common types of punched card are 
shown on the right-hand side of Fig. 3. The majority of 
these cards are intended for the storage or transmission of 
information within a closed system, and are mechanically 
coded to provide data in desired quantities and in specific 
physical locations on the medium. The codes employed 
are rarely suitable for direct transmission, and conversion 
is usually carried out when the information on a card is 
to be transmitted. The code used in punching a standard 
80-column IBM card, for example, contains 12 code ele- 
ments per column, and the transmission of such a code to 
represent the 50 or so alphabetical, numerical, and other 
characters in common use would be highly inefficient. 

As mentioned earlier, many of the codes discussed 
above as storage or record codes might also be called 
transmission codes. In practice, the five-unit permutation 
code and its derivatives are usually transmitted without 
alteration, direct from the record’ media. All record media 
in present use, with the exception of magnetic tape, must 
at some point be processed by mechanical or electro- 
mechanical equipment which is sensitive only to clear-cut 
“on” or “off” conditions. As a result, the codes used do 
not normally take advantage of the possible information- 
carrying content of a pulse, or series of pulses, 


Iransmission codes 


The subject of coding and its effect on the maximum 
transmission rate achievable, “transmission coding” in the 
true sense, has been given a great deal of attention in recent 
years. Requirements for high-speed data transmission, and 
the need for optimum ultilization of present and projected 
communications facilities, have spurred information theory 


studies and the application of statistical techniques to 
coding. Since this whole area is functionally related to 
maximum channel capacities, bandwidths, noise, and so 
on, it is considered in more detail in the following sections. 
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Fig. 4. Pulse code systems for morse telegraphy (left) and machine telegraphy (right) 
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Transmission considerations 


We may assume at this point that we have been 
presented, by data processing equipment of one type or 
another, with a quantity of information in digital form, 
i.e., aS a group of discrete, discontinuous signals, or 
pulses. We must now concern ourselves with the applica- 
tion of these pulses to a transmission medium of some 
sort, and with the delivery of the information in its original 
form to other processing equipment at some distance away. 
Further, the transmission of the information must be ac- 
complished at a suitable speed, which may range from 
a conventional telegraphic rate to much higher speeds, 
depending upon the application. The following considera- 
tions are pertinent: 

(a) What transmission facilities are available? 

(b) What are the characteristics of these facilities, and 

what must be done to the facilities and/or the data in 

order to achieve the required transmission speeds with 
the necessary freedom from error? 


Available transmission 
facilities 

It is possible, of course, to provide transmission facilities 
designed specifically for data, or even for each individual 
data transmission application, and this has, in fact, been 
done in some special cases. Under these conditions, exist- 
ing facilities are of no concern, and many of the problems 
associated with the transmission of data are mitigated or 
completely eliminated. The construction of special facili- 
ties to link data handling equipment in Vancouver and 
Toronto or New York and Los Angeles is, however, not 
feasible from the economic point of view, and many of 
the existing and contemplated data transmission require- 
ments involve complex networks several thousands of 
miles in length. Existing communications facilities must 
therefore be utilized for the vast majority of data trans- 
mission requirements. 

The facilities provided by telephone, telegraph and 
other communications organizations constitute a vast net- 
work which is capable of interconnecting locations almost 
anywhere on this continent, or, for that matter, anywhere 
in the inhabited world. These facilities are made up in 
many different ways, and they utilize many different types 
of transmission media, but they have a common denomi- 
nator. The standard telephone voice channel, properly 
called the “universal highway of communication,” js avail- 
able on virtually all existing communications facilities. 

Generally, the standard voice channel has a useful 
bandwidth (for speech) of about 3,000 cps; this bandwidth 
may be entirely devoted to voice transmission, or sub- 
divided into narrower channels for telegraph and other 
forms of traffic. It is logical that almost all current and 
projected data transmission techniques are intended for 
application within all or part of the standard voice channel. 

It was mentioned earlier that standard telegraph chan- 
nels are being widely used for low-speed data transmission. 
It is also possible, and advantageous in some cases, to split 
the data to be transmitted and use several parallel tele- 
graph channels, thus achieving high-speed results, In any 
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event, entirely satisfactory transmission may be realized 
for many applications through the use of one or more 
of these narrow (170 cps) channels. The problems encount- 
ered are those which have long been familiar to telegraph 
engineers, and are essentially the same as those encountered 
in the use of the full voice channel at higher transmission 
speeds. For these reasons, the following discussions re- 
garding channel capacity, noise, etc. use as a frame of 
reference the 3,000 cps voice channel and its application 
to high-speed, error-free data service. 


Theoretical channel capacity 
(transmission rate) 


It was realized in the very early days of telegraphy that 
the maximum speed of pulse transmission (or signalling 
speed, as it was then called) was related to the response 
characteristics of the transmission circuit. Lord Kelvin 
and other researchers discovered that pulses which were 
briefer than the minimum response time of the circuit were 
distorted and lost during transmission, During the period 
1924-1928, H. Nyquist of Bell Telephone Laboratories 
related circuit bandwidth to transmission speed by showing 
that the minimum bandwidth required for the transmission 
of a telegraph signal was that required to transmit a given 
number of independent quantities per second without am- 
biguity. Nyquist proved mathematically that the required 
bandwidth in cps was equal to half the number of the in- 
dependent quantities per second, In telegraphy, the “inde- 
pendent quantities” are mark and space indications; in 
our terms here, they are bits per second. Using a simple 
binary code, therefore, a 3,000 cps channel is theoretically 
capable of handling 6,000 bits per second, assuming a flat, 
distortionless channel. 

Nyquist also indicated that although there was a limit 
to the number, and therefore the duration, of pulses which 
could be transmitted in a given bandwidth, each pulse 
could be endowed with several information-carrying states 
Thus, if the amplitude of the pulse conveyed the informa- 
tion, a pulse having four possible amplitudes could convey 
twice as much information (two bits) as one which was 
simply on or off, and a pulse having eight possible discrete 
amplitudes could have the informational value of three 
bits. The number of possible states which could be used 
to convey information without error was shown to be 
dependent upon the noise characteristics of the circuit; the 
difference in amplitude between two pulse states must be 
at least twice the peak amplitude of the noise, since there 
would otherwise be uncertainty as to the state of a given 
pulse. In the complete absence of noise, there is no theo- 
retical limit to the amount of information which can be 
transmitted. 

In 1948, Nyquist’s findings were generalized by C. E. 
Shannon into a definition of maximum transmission rate 
(or channel capacity) which is illustrated in Fig. 5. The 
quantity C represents the maximum number of bits per 
second which can be transmitted within the channel, under 
the bandwidth and noise conditions specified, with a pos- 
sibility of a vanishingly small percentage of error, The 
maximum theoretical transmission rate for a 3,000 cps 
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speech signals and (b) digital data signals. 


voice channel having an average-signal-power to average- 
noise-power ratio of 30 db is: 
C 3,000 loge 1001 
3,000(9.96) or 29,880 bits per second 
This transmission rate can only be achieved if the following 
conditions, implicit in Shannon’s equation, are met: 
(a) The noise in the channel must be Gaussian, i.e., 
completely random and equal in power across the band- 
width of the channel. 
(b) The channel must be completely free of distortion. 
This applies to both amplitude and phase distortion. 
(c) Optimum information coding must be used—the 
coding technique must be so sophisticated, in fact, that 
no combination of noise pulses could ever cause an 
error, 
Of these three conditions, the first two cannot be met 
because of the characteristics of the “standard voice chan- 
nel,” as we shall see. The third condition cannot, or will 
not, be met because the provision of the encoding and de- 
coding equipment, not to mention the time, required to 
derive the optimum code is economically impracticable. 
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The important points revealed in the work of Nyquist, 
Shannon, and others in this field are that the transmission 
rate may be increased by increasing the effective channel 
bandwidth and/or the signal-to-noise ratio in the channel. 
The effective channel bandwidth may be increased either by 
actually broadening the passband (which is not feasible in 
the case of the channels considered here), or by reducing 
the bandwidth occupied by the desired data signal. The 
latter approach can be rewarding, and several practical 
bandwidth compression techniques have been developed. 
As far as channel noise is concerned, certain physical steps 
can be taken to reduce or control the noise, and modulation 
methods may be employed which are least sensitive to the 
interfering effects of noise. Increased bandwidth can be 
traded for reduced signal-to-noise ratio, as is done with 
frequency modulation. The concept of coding the infor- 
mation to be transmitted indicates that the converse of this, 
the reduction of the bandwidth required for a given trans- 
mission rate by improvement of the signal-to-noise ratio, 
is also feasible. 

The factors which, in the final analysis, reconcile all 
the various theoretical, practical and economic considera- 
tions, to determine the best way of providing a given data 
transmission facility, are the transmission rate and degree of 
error freedom required for the particular application. 


The significance of errors 


The principal difference between speech, ‘which we 
are using as a reference for comparison purposes, and data, 
in terms of required transmission accuracy, is the relative 
degree of redundancy between the two forms, Faithful 
reproduction of all sounds is not required for comprehen- 
sion of speech. Aside from such considerations as listener 
concentration and environmental interpretation, the aids 


‘ provided by visual expression and aural inflection, and so 


on, the English language is highly redundant in terms of 
information content, Statistical estimates of this redun- 
dancy range up to 55% for spoken English. As a result, 
a relatively large amount of noise and distortion can be 
tolerated without sacrifice of informational value. 

This is not the case for digital data, which can be 
considered, for all practical purposes, to have zero inherent 
redundancy. Errors due to interference of any kind can 
have very serious effects on the informational content of a 
data signal. This is illustrated in Fig. 6, which compares 
the effect of a noise impulse on a typical speech signal 
and on a digital signal representing the numeral “6” in 
five-unit permutation code. While the characteristics of 
the speech signal are altered momentarily, the noise im- 
pulse has no serious effect on the intelligence being con- 
veyed. The informational content of the data signal is, how- 
ever, radically altered by the noise impulse, which appears 
as a bit and converts the “6” to a “1.” Similarly, a 
momentary loss of signal could delete the final bit of a 
transmitted “1” and convert it to a “7.” 

The example given in Fig. 6 is deliberate oversimplifica- 
tion, but it illustrates the point. The implications of errors 
such as this, when the information may be automatically 
fed to a data processing system and used in, say, payroll 
or inventory control, are obvious. 


Error detection and control 


In the event the noise impulse in Fig. 6 had interfered 
with the speech signal to such an extent that it became un- 
intelligible even in context, the listener would in all prob- 
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ability have asked that the message be repeated. There are 
few telephone conversations which do not involve repetition 
or deliberate redundancy at some point, but the need for 
such “error correction” is generally not noticed, and does 
not actually become bothersome until the message must 
be repeated more than once or twice, In other words, the 
transfer of information can be successful without being 
completely free of error. 

This is also true of data transmission, The occurrence 
of errors can be overcome or avoided by introducing re- 
dundancy, either in the form of additional checking in- 
formation in the transmitted signal, or by repetition of the 
erroneous message. Given sufficient redundancy, data can 
be transmitted with almost any degree of accuracy de- 
sired. Since redundant data is, in terms of information 
transfer, wasted data, its use subtracts from the efficiency 
of the transmission, but the exchange of information rate 
for accuracy may be entirely practical. Like speech com- 
munication, successful data transmission need not be com- 
pletely error-free; it can be made successful through the 
use of redundancy, and it will remain successful until the 
amount of redundancy required becomes impractical. 

If errors in data transmission (“transmission” in this 
case including the preparation, transfer and capture of 
the data) are to be eliminated, they must first be detected, 
and then corrected. Correction may be accomplished 
either by retransmission of the data in error, or by check- 
ing and correction as the data is processed through the 
receiving terminal (through the use of so-called “forward- 
acting” error correction codes. Virtually all the error 
control techniques proposed or in current use involve the 
introduction of redundancy into the data message. 

The subject of error control is an extremely complex 
one, and assessment of the various methods requires a de- 
tailed investigation into the performance characteristics of 
the data handling equipment and the transmission medium, 
the required transmission rate and error freedom, the 
economic aspects of the particular application, and so on. 
Some of the methods in current use are discussed in a 
later section dealing with practical systems. 


Voice channel characteristics 


Application of the first two of Shannon’s conditions to 
existing voice channel facilities explains the disparity be- 
tween the theoretical maximum and the presently attain- 
able transmission rates, aside from the use of non-optimum 
coding. Some of the transmission requirements which must 
be met for satisfactory data transmission need not be met 
for the transmission of speech, and existing voice chan- 
nels therefore present some problems when they are used 
for data. 

It should be stressed at this point that the “voice 
channel” referred to in this discussion is a generalization, 
and is intended only to indicate in broad terms some of 
the characteristics of existing facilities. In actual practice, 
the factors governing the transmission characteristics of a 
voice channel vary widely, depending on whether the chan- 
nel is part of the switched telephone network or a private 
wire point-to-point facility, channel derivation, etc. 


Channel bandwidth 

The response of a communication channel is generally 
considered to be limited primarily by its attenuation vs 
frequency characteristics, with the low and high cut-off 
frequencies being those at which the signal components are 
so attenuated as to be insignificant. While this is a reason- 
ably accurate conception in the case of speech transmission, 
it does not apply for data transmission, which requires 
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Fig. 7. Envelope distortion due to delay of third 
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Fig. 8. Attenuation and delay vs frequency character- 
istics of a “typical” 3,000 cps voice channel. 


faithful waveform reproduction at the receiving terminal 
and is therefore subject to some types of distortion which 
do not seriously affect speech. 


Attenuation distortion 


Fig. 8 illustrates the attenuation vs frequency charac- 
teristic of a typical voice channel, It can be seen that a 
bandwidth of approximately 3,000 cps is available, in 
terms of attenuation, between 300 and 3,300 cps. In some 
cases, restricted bandwidths resulting from high relative 
attenuation characteristics between the desired frequencies 
may dictate the use of attenuation equalizers, 


Envelope delay distortion 


A data bit is a rectangular impulse, and, like any other 
complex wave, is composed of a set of frequencies whose 
amplitudes and phases are uniquely related in time, The 
envelope of the pulse is the result of the continuous vec- 
torial addition of the component frequencies, and a shift in 
the relative position in time of any of these components 
will distort the waveform, as shown in Fig. 7. The addition 
of the fundamental and its third harmonic produces a 
roughly rectangular envelope. If, as in Fig. 7(b), the har- 
monic is delayed relative to the fundamental by one-half 
cycle, the waveform is radically altered. This effect, called 
envelope delay distortion, is the result of non-linear phase 
shift, and in the case of a telephone channel is caused by 
unequal transmission velocities at different frequencies 
through channel filters and similar components. 

The occurrence of envelope delay distortion has been 
recognized in telephony for many years, but no attempt 
has been made to correct for it because the human ear is 
relatively insensitive to phase shift, and, as long as the 
amplitudes of the various component frequencies in the 
waveform are reasonably correct, speech transmission will 
be satisfactory. When a carrier is keyed very rapidly to 
produce data pulses, however, the sideband frequencies 
which result must not be shifted in relative phase, since 
they contain most of the information conveyed by the 


pulse. As the transmission rate increases, the sidebands 
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spread toward the low and high edges of the band, where, 
as Fig. 8 indicates, the delay is greatest. Since the pulse 
duration must be reduced to accommodate the higher 
transmission rate, small changes in phase have a greater 
effect on the degradation of the pulse. 

Fig. 8 shows that, although the attenuation vs frequency 
characteristic of the typical voice channel provides a band 
approximately 3,000 cps wide, this band is severely re- 
stricted for data transmission unless its delay vs frequency 
characteristic is corrected for and that, even with delay 
correction, the channel has an effective width of about 
2,000 cps. Delay correction is accomplished by inserting 
delay in appropriate portions of the band such that the 
differential in the delay at various frequencies across the 
band is minimized, as shown in Fig. 8. It should be em- 
phasized that the delay-corrected curve represents a band 
which is more-or-less flat in terms of relative, and not 
absolute, delay, The absolute delay across the corrected 
band could be several milliseconds, while the relative delay 
between the edge and centre frequencies would normally 
be held to 0.25 or 0.5 milliseconds. In practice, the band 
need not be perfectly flat; depending upon the type of signal 
modulation used, and other characteristics of the trans- 
mission facility, relative delays of up to 30 or 40% of the 
pulse duration time can be acceptable. 


Other types of distortion 


The pulses used in data transmission are subject to 
other types of distortion, most of which are common to 
telegraphy, telephotography, and other pulse transmission 
techniques. The susceptibility of any given data transmis- 
sion system to a particular type of distortion depends to a 
certain extent upon the modulation method employed. 
Some of the varieties of distortion encountered, and their 
causes, are summarized briefly below: 

(a) Nonlinear Distortion, or “Kendall Effect.” First 
observed by B. W. Kendall during studies of telephoto 
transmission, this type of distortion may be caused by 
amplifiers, loading coils, or, in the case of carrier- 
derived channels, by modulation processes. Non-linear 
distortion results in second-order modulation products 
which may fall within the data signal spectrum and 
cause interference. 
(b) Bias Distortion, Distortion which repetitively alters 
the length of one pulse state (the “yes” bit, for ex- 
ample) relative to the other (the “no” bit) is called 
bias distortion. This type of distortion has several 
possible causes, depending upon the modulation method 
used. In frequency-shift systems, it is caused by the 
lack of frequency synchronism between the transmitted 
carrier and the receiving discriminator centre frequency. 
Level variations due to changing transmission condi- 
tions can cause pulse amplitude variations in a-m sys- 
tems, resulting in bias distortion. 
(c) Characteristic Distortion, Similar to bias distortion, 
but applicable when pulses of different lengths are trans- 
mitted. Under conditions of reduced signal level, 
brief pulses may be severely shortened, while longer 
pulses (a group of consecutive “yes” bits, for example) 
tend to be shortened less, in percentage terms. 

(d) Fortuitous Distortion, Caused by random noise, 

crosstalk, or any other form of spurious signal (in- 

cluding impulse noise), which shortens, lengthens or 
displaces pulses on an irregular, chance basis 


Noise 

There are two general categories of noise in the typical 
voice channel; random noise and impulse noise. Random 
noise includes the thermal noise contributed by the trans- 
mission equipment, intermodulation noise, and other types 
of interference which extend across the band. Impulse noise 
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is sporadic, and may be caused by atmospheric static, 
induction from power lines and switchgear, dialing and 
switching transients in telephone equipment, etc. 

Normal communication facilities are engineered for 
satisfactory performance in terms of random noise, but 
impulse noise is of relatively little concern in speech trans- 
mission. The human ear is insensitive to noise bursts of 
less than about 200 milliseconds duration, and such bursts, 
although they are not noticed, are common during every- 
day telephone conversations. Noise impulses of this length 
can, however, cause serious errors in data transmission. 
While, as mentioned above, speech contains intrinsic re- 
dundancies which permit momentary loss of intelligibility 
without loss of information content, the mutilation of one 
bit in a data block can result in an error which will make 
the message useless or alter its meaning. Though a noise 
impulse may be much shorter than a data bit, it may be 
very high in amplitude, and may cause filters and other 
tuned circuits in the channel to oscillate and interfere with 
the data signal. 

Some indication of the comparative importance of ran- 
dom and impulse noise may be obtained by referring to 
statistics on the distribution of noise powers on typical 
switched telephone circuits. The random noise (Fig. 10) is 
shown to be less than 40dba (equivalent to -42 dbm of 
white noise in a 3000 cps band) for 99% of the time. 
Since normal line levels for data transmission are con- 
siderably higher than this figure (-6 dbm is typical), sub- 
stantial circuit losses can be tolerated before the average 
signal-to-noise ratio becomes significantly low. Fig. 9 
indicates a circuit net loss of 26 db for about five percent 
of the tested circuits. With a transmit level of -6 dbm, the 
received level would be -32 dbm, providing a signal-to- 
noise ratio of 10 db in the worst circuits for 99% of the 
time. Tests have indicated, however, that impulse noise 
peaks frequently equal or exceed the level of data signals 
as shown in Fig. 11. 


Modulation methods 


The majority of the moduiation methods used to con- 
vert digital data into a form suitable for transmission have 
been in use for many years in other applications. In 
general, the relative advantages and disadvantages of am, 
fm, pm, etc. have been argued for data transmission in 
much the same way as they were for telegraphy, telephony, 
telephotography, and other forms of traffic. In the course 
of studies on high-speed data transmission and on methods 
of achieving it, however, a number of new approaches have 
been taken, and some highly sophisticated modulation 
techniques have been developed. Several of these are 
described in connection with the equipment discussions 
which follow; the purpose here is to review briefly the 
characteristics of the various basic types of modulation, 
in terms of their applicability to data transmission. 
Amplitude modulation 

Amplitude modulation, as a general category, includes 
several different specific modulation processes which have 
quite different characteristics when used for data trans- 
mission. The original form of a-m, double sideband, is 
the oldest and simplest method of converting on-off dc 
pulses into tone conditions for application to a transmission 
medium. The process involves the keying of a carrier so 
that the two binary states are represented by the presence 
or absence of the carrier. Sidebands are produced which 
are displaced from the carrier to an extent determined by 
the keying rate. The modulation products formed during 
amplitude modulation of a carrier by a rectangular pulse 
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Fig. 12. Frequency spectrum of a 
amplitude-modulated tone. 
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are complex, and occupy a relatively broad frequency 
spectrum, as shown in Fig. 12. In telegraphy, where 
double-sideband am is still used, the channel bandwidth is 
generally restricted by the transmitting and receiving band- 
pass filters, to the carrier and first two sidebands. While 
this results in no significant loss of transmitted energy, it 
does degrade the pulse waveshape, and the received envel- 
ope is rounded rather than square. 


Although double-sideband am has advantages in some 
low-speed applications, the inefficient use of bandwidth, due 
to transmission of two sidebands which contain the same 
information, makes it impractical for medium- or high- 
speed data transmission. The other inherent disadvantages 
of am, such as susceptibility to distortion due to level 
fluctuation and noise, have to some extent been overcome 
in the variations of am discussed below, but no serious 
work appears to have been done on double-sideband am 
per se for data transmission applications. Two ways exist 
in which the information efficiency of a double-sideband 
system may be recovered; one sideband may be filtered 
out, or the sine and cosine components of the carrier may 
be independently modulated to provide two separate chan- 
nels in the double sideband. 


Single-sideband am 


Since one of the sidebands produced by amplitude 
modulation is redundant, the bandwidth required for a 
given transmission rate can be halved by eliminating one 
sideband. This technique is commonly used in telephone 
carrier systems designed for voice transmission, as shown 
in Fig. 13, and has also proven highly successful in radio 
systems. The most important element in the single-sideband 
process is the modulator output filter which should theo- 
retically be capable of completely removing one sideband 
without disturbing the other. In applications which do not 
require the retention of frequencies below about 200 cps, 
such as speech transmission, single-sideband filter design 
can be entirely practical. The transmission of a rectangular 
envelope, however, requires the preservation of the low 
frequencies which lie adjacent to the channel carrier, and 
the resulting filter requirements are sufficiently severe to 
have so far discouraged the use of single-sideband am for 
data transmission. 

Vestigial-sideband am 

A compromise form of amplitude modulation which 
achieves most of the spectrum conservation advantage of 
single-sideband am, while permitting the transmission of 
the lower frequencies, is vestigial-sideband am. This tech- 
nique has been in use for some time in facsimile and 
telephotograph transmission, and is the basis of what is 
most certainly the most complex data transmission facility 
in existence, the SAGE air defence network. An even 
more extensive application of vestigial-sideband am is in 
conventional television broadcasting. 
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Fig. 13. Selection of the transmitted frequency 
band by modulator output filter (dotted lines) is 
shown for a SSB-SC telephone carrier channel, a 
vestigial-sideband data channel, and a vestigial-side- 
hand television channel ; 


In vestigial-sideband systems, the modulator output 
filter, instead of completely removing the unwanted side- 
band, passes a vestige, usually 10 to 15%, of it. The 
resulting signal, shown in Fig. 13, includes one complete 
sideband, a portion of the carrier, and a small portion 
of the other sideband. The roll-off of the modulator 
output filter is carefully controlled so that the combined 
amplitudes of corresponding frequencies above and below 
the carrier add to the pulse amplitude, thus preserving the 
low-frequency components. 

Non-linear modulation products appear at both the 
high and low ends of the band as a result of the vestigial- 
sideband process; those at the low end fall within the 
baseband of the modulating signal, and the carrier must be 
positioned carefully to avoid interference. Generally, the 
carrier is located in the region between 2000 and 2800 
cps, and the lower sideband, plus a portion of the upper, 
is selected. 

Since the information in vestigial-sideband am trans- 
mission is still contained in the relative amplitude of the 
carrier at any given time, this type of modulation shares 
with double- and single-sideband the basic vulnerability 
of am to level variations and noise. Further, the vestigial- 
sideband process gives rise to a spurious signal component 
which may be compensated for only by increasing this 
vulnerability. 

The impedance characteristic of the 6 db-per-octave 
filter used to form the unsymmetrical vestigial-sideband 
signal results in a quadrature component which is 90 
degrees out of phase with the signal. The addition of this 
quadrature component to the desired signal causes dis- 
tortion of the pulse waveshape and results in a lengthening 
of the “yes” bits with respect to the “no” bits when 
envelope detection is used. (A system employing synchro- 
nous detection, which overcomes this problem, is described 
later.) 

The distorting effect of the quadrature component can 
be reduced by reducing the modulation index, and using 
two discrete carrier amplitudes, rather than a maximum 
level for “yes” and zero for “no”, to represent the two 
pulse states. Since this effectively reduces the amplitude 
variation which represents the difference between a “yes” 
and a “no” bit at the receiver, it increases the sensitivity 
of the system to noise and level variations. A vestigial- 
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Fig. 14. Frequency spectrum of a square-wave 
frequency-modulated tone with pulse repetition rate 
equal to the maximum carrier swing 











sideband system using a “no” amplitude of 30% of the 
“yes” amplitude, for example, would be 6 db more sensi- 
tive to level variations, in voltage terms, than a double- 
sideband system in which the “no” bit was represented by 
zero amplitude. The same general relationship pertains for 
tolerable signal-to-noise ratios. Impulse noise, of course, is 
capable of completely obliterating bits in an am system of 
any kind, . 

Despite these problems, vestigial-sideband transmission 
has proven successful in telephotography and other appli- 
cations. The use of fast-acting automatic gain control 
techniques and synchronous detection can ameliorate the 
drawbacks mentioned above, and satisfactory performance 
has been obtained in a suitably equalized voice channel at 
transmission rates up to 2500 bits per second. 


Frequency modulation 


The term “frequency shift” is more commonly used 
than “frequency modulation” in telegraphy and data trans- 
mission, and is perhaps more descriptive of the process. 
In this case, a constant-amplitude carrier is shifted between 
two frequencies by the input data pulses, with one fre- 
quency, usually the lower, representing a “yes” bit and 
the other a “no” bit. 

Until recently, fm was considered to be a wideband 
process which required a greater channel bandwidth than 
am for the same transmission rate. In fact, contemporary 
fm data transmission systems will provide a ratio of trans- 
mission rate to bandwidth which is comparble to that of 
double-sideband am. In one practical fm system, a band 
compression technique which would not be feasible with 
am permits transmission in a bandwidth approaching the 
baseband frequency (2 the bit rate), a situation previously 
considered possible only with single-sideband am, 

Fig. 14 shows the carrier and sideband power distribu- 
tion for a square-wave frequency-modulated tone. Com- 
parison with Fig. 12 will indicate that for the same 
unmodulated carrier power, the sideband (signal) power 
of an fm signal is about 3 db higher than that of an am 
signal. This may be an advantage or a disadvantage, 
depending upon the loading requirements of the trans- 
mission medium. Since the signal bandwidth is restricted, 
as it was in the am example in Fig. 12, to the carrier and 
first two sidebands, the waveshape of the received fm 
pulse will also be rounded. In the am case, the rounding 
of the pulse shape can contribute to bias or characteristic 
distortion when level variations occur in the transmission 
medium. An fm signal, on the other hand, can be limited 
to remove amplitude variations due either to transmission 
level changes or noise. 

For equal transmission rate to bandwidth ratio, fm can 
have a signal-to-thermal-noise ratio advantage of from 6 
to 16 db over am, and a much wider tolerance to level 
variations. While an impulse noise pulse can obliterate a 
bit is an am signal, such a pulse can only alter the instan- 
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taneous frequency, and therefore the zero-crossing time, of 
an fm signal. The resulting pulse distortion may or may 
not result in an error, depending upon the extent of the 
distortion. Generally, fm systems are about 12 db less 
sensitive to impulse noise than comparable am systems. 

The use of frequency modulation offers an additional 
advantage in that a signal is continuously present. Unlike 
am, which provides a signal only during modulation, fm 
provides a carrier in the absence of modulation. This 
carrier is actually an extra bit of information which can be 
used to indicate transmission continuity, to initiate an 
alarm or equipment transfer in the event of a failure, etc. 

One disadvantage of fm as a modulation method for 
data transmission is its sensitivity to differences between 
the transmitted carrier frequency and the centre frequency 
of the discriminator at the receiving terminal. While both 
the carrier and discriminator frequencies may be held 
within rigid limits, frequency instability in the transmission 
medium can shift the carrier. Translations through tele- 
phone carrier and radio modulation and demodulation 
processes are the major cause of frequency drift. The 
effect is similar to the effect of level variations in an am 
system — the shift in carrier frequency causes bias 
distortion, 

Frequency modulation is rapidly becoming standard 
for telegraphy and low-speed data transmission. The entire 
Western Union system, for example, is fm, and other 
communications facilities are gradually being converted. 
A review of current trends in medium- and high-speed data 
transmission systems indicates that the advantages of fm 
may be realized in these areas as well. 

Phase modulation 

Instead of shifting the frequency of a carrier in accord- 
ance with the data signal to be transmitted, the phase of 
the carrier may be shifted. Thus, a “yes” bit can be indi- 
cated by advancing the phase of the carrier a given number 
of degrees, and a “no” bit by retarding it by the same 
amount. The simplest phase modulation process would use 
the unmodulated carrier phase to represent a “no” bit, and 
shift its phase 180 degrees to represent a “yes” bit. 
Alternatively, the normal carrier phase can be used as the 
transmission or control pilot in the sense that the un- 
modulated fm carrier is, and a 90 degree advance or 
retardation used to represent the “yes” and “no” bits. 

Theoretically, phase modulation should be the best 
possible method for high-speed transmission of data. PM 
is capable of handling low modulating frequencies, includ- 
ing zero frequency or dc. It is the most efficient modulation 
process in terms of bandwidth utilization for a given trans- 
mission rate, enjoying a 2 db theoretical advantage over fm. 
Like fm, phase modulation is insensitive to level variations 
in the transmission medium. 

One of the major problems involved in the use of 
phase modulation is the necessity of maintaining absolute 
synchronism between the transmitting and _ receiving 
terminals. Since the receiver must interpret the incoming 
signal at any instant in terms of its phase relationship to the 
unmodulated carrier, a momentary loss of signal removes 
the receiver's reference, and it has no way of knowing 
whether the first signal received after the interruption is 
a “yes” bit, a “no” bit, or the zero reference phase. This 
“phase ambiguity” can result in destruction of the trans- 
mitted message in the event that the receiver makes an 
erroneous decision, and unless special steps are taken, a 
phase modulation system can be highly sensitive to impulse 
noise and other possible interruptions in the signal path. 
Further, any phase delay in the transmission medium will 
degrade the signal, just as frequency shift will degrade an 
fm signal. There are, unfortunately, many possible causes 
of phase shift in normal communications facilities; temper- 
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ature changes in wire and cable, non-linearities in trans- 
mission equipment, and so on. 

These problems can be overcome, but only at the 
expense of efficiency. The transmission of a reference pilot 
tone, or timing pulses (in some cases both are used), can 
solve the phase ambiquity problem, but since such signals 
carry no information except for use within the system itself, 
their use subtracts from the theoretical advantages of the 
pm process. 

Several phase modulation systems are now in use or 
under development, but they either operate in the speed 
ranges also obtainable with am or fm, or they achieve 
speeds closer to their theoretical maximums only by 
relatively complex and costly methods. 

As will be discussed in conjunction with practical data 
transmission systems, it is possible to use one carrier to 
provide two channels of information, by using 0 degrees 
and 180 degrees as the “yes” and “no” phases for one 
channel, and 90 degrees and 270 degrees as the “yes” and 
“no” phases for the other, or by permitting each shift in 
phase to represent more than one bit of information. 
Keying loss 

There is one other problem inherent in high-speed data 
transmission, which can apply to any of the modulation 
methods mentioned above. The effective midband frequen- 
cy of a voice channel is about 1,800 cps, whether the 
channel is delay-corrected or not. The modulation of this 
audio frequency with a high-speed data signal means that 
the data rate, or modulating frequency, in cycles per 
second, may be almost equal to the carrier frequency. 
When the modulating data signal goes positive to indicate 
“yes” bit, the carrier may be swinging in the opposite 
direction, and it may be a half bit length later before 
the modulation takes effect. With a carrier of 1,800 cps 
and a data rate of 2,400 bits per second (1,200 cps), the 
transmission loss would be about 66% of a bit length. 
This type of distortion, called keying loss, has been recog- 
nized in telegraphy for many years, but no attempt was 
made to correct for it because it rarely exceeds a fraction 
of one percent in low-speed telegraph transmission. Al- 
though the process is more difficult to visualize in fm 
systems than it is with am, the effect is just as serious. 

Two solutions to the problem of keying loss have 
been applied in existing high-speed data transmission equip- 
ment. One of these involves phase-locking the carrier fre- 
quency to the data bit rate, and has given rise to the 
expression “bit synchronous.” This method can result in 
rather complex terminal equipment, and may impose some 
restrictions on the data source equipment feeding the 
modulator. Another solution is to modulate a relatively 
high-frequency intermediate carrier with the data signal, 
and then translate the carrier into the voice band. Pro- 
vided the translating modulator is linear, this process 
can overcome the problem. The incoming voice-frequency 
carrier at the receiving terminal must undergo a reciprocal 
translation prior to detection. 


Detection methods and synchronization 

Since, in the final analysis, the receiver is required to 
select the correct data from the incoming signal plus 
noise, the detection method is of extreme importance in 
data transmission. A detailed treatment of the optimum 
detection method for a given system is beyond the scope 
of this discussion, but a mention of one or two of the 
processes used in data transmission generally may be 
of interest. 

For am systems, the simplest type of detection is by 
means of the conventional envelope detector. As men- 
tioned earlier, optimum signal-to-noise characteristics can 
be obtained in an am system by using a bipolar carrier, 
with a positive amplitude for a “yes” bit and a negative 
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amplitude for a “no” bit, rather than a simple on-off carrier. 
In order to permit recovery of the negative excursions of 
the carrier, something an envelope detector cannot do, the 
homodyne detector has come into use. 

The homodyne detector (or product demodulator) com- 
bines the incoming signal with a precisely phased local 
oscillator frequency exactly equal to the carrier frequency, 
and integrates the result in a low-pass filter. Since the 
homodyne detector can distinguish both aiding and oppos- 
ing phases of the received signal relative to the locally 
generated carrier, it can recover both positive and negative 
(overmodulated) envelope conditions. The locally gener- 
ated carrier must be of exactly correct frequency and 
phase; this may be accomplished by locking the local 
oscillator to the transmitted carrier by means of a separate 
transmission channel, or by checking the local oscillator 
against a periodic reference phase in the transmitted data 
signal. 

It has been said that the most powerful tool available 
for the solution of binary data transmission problems is 
time itself. Certainly, the importance of timing has been 
recognized for many years; Nyquist indicated during his 
original work in telegraphy that there was an optimum 
time for sampling a received pulse to determine whether 
it was a mark or a space. 

Two time elements are available to the receiver in most 
high-speed data systems; the transmission rate, which is 
generally fixed, and the duration of each bit. The trans- 
mission rate provides the receiver with the time interval 
between successive bits, and therefore permits it to sample 
the incoming signal to determine a “yes” or “no” condition 
within a given time period. The process of locking the 


receiver sampling function to the bit rate is known as 
synchronous detection, and is applicable to any system 
regardless of the modulation method employed. For some 
types of modulation, synchronism is imperative (phase 


modulation, for example). For others, like fm, it is not 
necessary but can provide a signal-to-noise improvement, 
since it permits muting the receiver at all times except 
those during which a sample is being taken. Generally, 
the signal envelope is sampled at the known bit rate and 
at a point during the bit interval when the envelope con- 
dition is most likely to agree with the transmitted data. 
Highly selective filters or other means of integration are 
generally employed before the sampling process takes 
place, in order to provide the best possible information 
condition for sampling. 

In synchronous systems some means must be provided 
for the synchronization of the receiver sampling rate and 
the transmitted bit rate. This may be done in several ways; 
some of the informational capacity of the system may be 
assigned to timing, or the receiving “clock” rate may. be 
governed by the incoming data rate. Systems using both 
these methods are described later. 


“Parallel” vs “serial” systems 


The above discussions have assumed that the data to 
be transmitted is fed to the line as a continuous stream of 
serialized bits. The alternative to this method is the use 
of multiple narrow-band channels, with the data fed to the 
line in parallel groups, at low per-channel speed. The two 
approaches are analogous to time-division and frequency- 
division multiplexing. Both are used for high-speed data 
transmission as well as low. 

Parallel transmission permits the use of relatively long 
bit durations, and therefore helps to overcome distortion 
due to transmission time variation, or jitter, and permits 
lower per-channel signal-to-noise ratios. There are also 
indications that envelope delay correction requirements are 
less stringent for parallel systems. Since a good deal of the 
data processing input/output equipment in current use 
supplies and accepts data on a parallel basis, transmission 
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in this form avoids the need for conversion equipment. 

The various parallel transmission paths within the voice 
channel must be separated in frequency by means of filters. 
Depending upon the design of these filters, guard bands 
of a greater or lesser width must be provided between the 
narrow-band channels. A certain amount of useful spec- 
trum is therefore wasted when parallel transmission is 
used; conservation of spectrum may be accomplished by 
means of highly sophisticated filters, but this can involve 
complex and costly equipment. 

The foregoing provides only a general outline of some 
of the modulation and detection methods used for data 
transmission. A tremendous amount of work has been 
done in attempts to overcome the problems of envelope 
delay, impulse noise, and the various types of distortion 
to which pulse systems are susceptible. As a result, many 
variations of the above mentioned modulation processes 
exist, and new techniques are being developed every day. 


Speed and error rate 
objectives 


Speed, needless to say, is of the essence in all data 
handling processes. The economics of computers and other 
contemporary business machines are based on the move- 
ment of information at the maximum possible rate, in order 
to achieve optimum utilization of what, in many cases, 
are very expensive facilities. Some of the large-scale com- 
puters in current service are capable of input reading rates 
as high as 400,000 bits per second. Existing computer 
input equipment will read punched cards at 2,000 cards 
per minute, and punched paper tape at 60,000 characters 
per minute. Much higher speeds than these are possible 
when magnetic tape is used as the input medium. 

Our original definition stated that data transmission 
involved the movement of information without human 
intervention, editing or error correction. This qualification 
places a premium on accuracy, and in practice speed is 
secondary to accuracy in data transmission. The economic 
justification of many data processing facilities, on the 
other hand, requires both high speed and extreme accuracy 
of transmission. 

Perhaps “high volume” would be a betier term than 
“high speed” in this context. The necessary transmission 
speed for a data channel feeding a computer at a central 
location, for example, may depend upon the number of 
data sources supplying the same point, and the distribution 
of input time. A case in point is the data transmission 
network engineered by Western Union for Sylvania Elec- 
tric Products, in which a large-scale computer at Camillus, 
N.Y., is used for centralized payroll, inventory, and other 
accounting functions, and is supplied with data from a 
great many outlying points at 75 bits per second over 
conventional telegraph channels. The incoming informa- 
tion is automatically routed and stored at the central 
location until needed for computer programming. Since 
the actual data gathering is done at low speed, the error 
rate is very low. At the other extreme in terms of trans- 
mission speed, one U.S.- aircraft manufacturer has six 
farge-scale computers connected by television-bandwidth 
microwave links, permitting real-time communication. be- 
tween the machines at extremely high speeds. 

No fixed standard exists for transmission speed or error 
rate, and it is doubtful that a uniform standard will be 
set for some time, if ever. Aside from the fact that require- 
ments and circumstances very with every application, the 
state of the high-speed data transmission art is still very 
fluid; speeds are being achieved today which were not 
considered feasible three years ago. In 1958, an error rate 
of one bit per 100,000 transmitted bits was considered 
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good; error rates of one per million and better are now 
being obtained. 

Whatever general standards are set for transmission 
and error rates are likely to be governed more by the 
characteristics of the available transmission media, and the 
types of service offered by communications agencies, than 
by data equipment characteristics. The principal types of 
services available, and some results of recent tests carried 
. on typical transmission facilities, are discussed briefly 

elow. 


Types of data service 


Communications facilities are available for the move- 
ment of information to and from locations almost any- 
where on the continent. Broadly speaking, this can be done 
with data in two ways; by means of private, leased circuits, 
or via the regular switched telephone and telegraph net- 
works. The principal difference between these two types 
of facility is that the private circuits are rented to the 
subscriber for a given period of time and at a given fixed 
rate, whether fhey are used or not, while the circuits 
derived from the switched networks are dialed up when 
needed, and charged for on the basis of used time. In 
most cases, special circuit requirements, such as unusually 
wide bandwidths or particularly stringent equalization, can 
only be met by means of leased facilities. It is generally 
agreed that both types of service have a place in the over- 
all data transmission picture. 

Private-wire services, ranging from simple leased lines 
to automatic switching systems which rival computers in 
functional complexity, and providing teletypewriter, voice, 
program, telephoto, and even television facilities, have 
been available for many years. These services may be 
obtained on a point-to-point or party line basis. Switched 
teletypewriter services such as TWX and Telex are also in 
wide use. The provision of data transmission facilities over 
private-wire circuits presents no serious problems at either 
low. or high speeds; the switched teletypewriter services 
may also be used for data transmission, but only at low 
speeds. 

To permit the transmission of high-speed data on a 
used-time basis, as an alternative to private-wire service, 
the switched telephone network may be used. The term 
“Dataphone” has been coined by the Bell System to de- 
scribe this service, and a wide range of subscriber equip- 
ment has been developed for Dataphone applications. 
Connections between source and destination points are 
made via normal local and long-distance circuits and regu- 
lar telephone switching facilities, and no special lines are 
used. The subscriber dials up a connection in the same 
way as he would to place a conventional telephone call, 
and then transfers the line to the data terminal equipment, 
or “subset.” The Dataphone subsets are designed to oper- 
ate with many different types of ‘input equipment, and at 
many different speeds, ranging trom 75 to about 2,000 
bits per second, using a full voice channel in all cases. 
They may also perform some functions which are uniquely 
related to the characteristics of the telephone plant, such as 
locking of echo suppressors and stabilization of com- 
pandors, etc. 

The possible transmission rates obtainable in Dataphone 
service are limited by the characteristics of the telephone 
voice channels, which are not delay corrected, and by 
such things as impulse noise resulting from switching at 
exchanges. Thus, private-wire service may be more eco- 
nomical for applications in which a high volume of in- 
formation must be transmitted, or in which very low error 
rates are required. Some of the most advantageous appli- 
cations for Dataphone service are in data-gathering systems 
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Typical low speed (75 bits per second) data transmission 
equipment is this Lenkurt Electric type 23A Datatel 


which feed a central point with a relatively small amount 
of information from each of a number of outlying points. 

The choice of private-wire vs. switched network service 
for a given application should be governed by such con- 
siderations as required transmission rate, tolerable error 
rate, volume of data to be handled, and geographic rela- 
tionship of the locations involved. 


Characteristics of the 
switched telephone network 


Fig. 8 illustrates the attenuation and delay character- 
istics of a typical voice band. The curves shown are 
oversimplified, but are as accurate as “typical” information 
of this type can be, due to the wide variation among actual 
derived voice channels. To indicate the general order of 
random and impulse noise, and circuit net loss, which may 
be encountered in typical telephone circuits, Figs. 9, 10 
and 11 have been extracted from a recently released Bell 
System report. 


A. A. Alexander, R.M. Gryb and D. W. Nast. “Capa- 
bilities of the telephone network for data transmission,” 
The Bell System Technical Journal, Vol. XXX1IX, No, 3, 
May 1960, pp. 421-476. Figures 9, 10, 11, 22 and 23 in 
this issue of CEE have been reproduced from the above 
with kind permission of Bell Telephone Laboratories Inc. 


Figures 1, 4, 5, 8, 12, 14 in this issue of CEE have been 
reproduced with kind permission of the editors of the 
Lenkurt “Demodulator.” 





Practical data transmission 


To meet the various types of speed requirement dis- 
cussed earlier, systems have been developed for data trans- 
mission at rates from 45 to 3,000 bits per second and 
higher. In many cases, data may be transmitted in stand- 
ard telegraph channels, using carrier equipment which 
provides the necessary channel carriers, filters, and so on. 
Such applications do not require “data transmission equip- 
ment” as such, since the information to be transmitted is 
similar in character and in speed to conventional tele- 
graph signals, and it may be applied directly to the trans- 
mission medium. 

A wide variety of standard telegraph equipment is 
available for use in data transmission applications requir- 
ing speeds of 75 bits per second or less. This equipment 
provides bandwidths of 120, 150, or 170 cps; the modu- 
lation technique may be either am or fs (frequency shift). 
Above 75 bits per second, special equipment must be pro- 
vided for division of the voice band into appropriate chan- 
nel widths, or for the generation and modulation of a 
signal which occupies the complete voice band or a major 
portion thereof. In some cases additional functions, such 
as coding, are performed by the data terminal equipment. 


For purposes of discussion, “low speed” systems in- 


clude those which operate at speeds up to 180 or 200. 


bits per second, and “high speed” systems are those which 
have higher speed capabilities, in most cases between 600 
and 3,000 bits per second. 


Low-speed systems 


One of the earliest pieces of equipment available for 
the transmission of data was the International Business 
Machines Data Transceiver, shown in Fig. 15, Introduced 
in 1954, this machine was designed for operation over 
private-wire telephone or telegraph lines; it may now also 
be adapted for use on the switched telephone network or 
over wideband telegraph circuits. 

The IBM Data Transceiver reads and transmits infor- 
mation from punched cards, and records the information 
at the receiving terminal by punching identical cards. Over 
leased telegraph facilities, the machine will transmit infor- 
mation at speeds of 45, 57 or 75 bits per second, cor- 
responding to three, four or five cards per minute if 
all 80 card columns are transmitted. If leased telephone 
facilities are used, eleven cards per minute may be trans- 
mitted, corresponding to a speed of 180 bits per second. 
The equipment may be provided with plug-in units which 
adapt it for a particular speed and/or transmission facility. 
Since the 180-bit transmission rate requirement has led 
to the development of equipment by some of the major 
communications agencies for use at this speed, it will be 
discussed in more detail. 

The standard IBM unit amplitude-modulates an audio- 
frequency carrier by keying it on and off in accordance 
with the data obtained from a card reader. The 12- 
element card code is converted within the equipment to 
an 8-unit transmittal code, which includes the six units 
required to provide the 54 alphabetical, numerical and 
special characters in common use, plus two redundant code 
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Fig. 15. International Business Machines data transceiver 


elements. The addition of the two redundant elements per- 
mits the use of four “yes” bits and four “no” bits per 
character, and error checking is performed by counting 
the “yes,” or marking, bits. If more or less than four such 
bits appear in the code for a character, the transmission 
is in error, and the entire card must be retransmitted. 
The parallel signals provided by the twelve reading pins 
in the card reader are converted to serial form, and 
start and stop pulses are added to the 8-unit code, result- 
ing in a per-character code group of 10.5 bits. 

Since the 180 bit-per-second speed does not require 
the full bandwidth of a voice channel, bandpass filters 
are used to divide the channel into four sub-channels, 
and four pairs of transceivers may be used to transmit a 
total of 44 cards per minute within the voice channel. 
Each sub-channel is 500 cps wide, and the four audio 
carriers used are at 800, 1,300, 1,800 and 2,300 cps. 
When four transceivers are used, they may terminate at 
different points only if the voice channel is cut through 
to all four receiving locations. 

It will be obvious from previous considerations of 
bandwidth vs transmission speed that a 500 cps _ band- 
width for a 180 bit-per-second speed is wasteful of spec- 
trum. Further, it is preferable that in a large network the 
data, channels be patched and switched in the same way 
as conventional telegraph channels. For these and other 
reasons, several pieces of equipment have been developed 
which may be used in conjunction with the IBM ma- 
chine, or similar units, for transmission in the 180 bit- 
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Fig. 16. Three types of Bell Telephone Dataphone parallel 
subsets for low speed operation (180 bits per second) 
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per-second range. A brief description of one or two of 
these, now in use by Western Union and the Bell Tele- 
phone System, is given below. 

In standard Western Union practice, the voice band 
is divided into two sub-bands, each capable of accommo- 
dating ten telegraph channels spaced at 150 cps intervals. 
A spectrum width sufficient for the transmission of 180 
bit-per-second data is obtained by assigning two adjacent 
telegraph channels to the data service. The Western Union 
data transceiver operates on a carrier frequency suitably 
located in the 900 to 1400 cps range (a typical system 
might involve two transceivers operating at 1,050 and 
1,350 cps). The carrier is directly modulated by the in- 
coming serialized data, using conventional frequency- 
shift techniques. A 160 cps shift is used, with the “yes” or 
mark frequency 80 cps below the carrier, and the “no” 
or space frequency 80 cps above. The unit is designed to 
be compatible with the standard telegraph facilities pro- 
vided by Western Union, and in practice would normally 
be supplied as part of an over-all business communications 
service involving a number of telegraph and data channels 
within the same sub-band. The spectrum is therefore effi- 
ciently used, and the use of frequency shift reduces the 
vulnerability of the system to noise. 

Several low-speed systems have been developed in 
connection with the Dataphone concept of the Bell Sys- 
tem. One unit, the FM Digital Subset, is capable of oper- 
ation at speeds from 75 to about 1,600 bits per second, 
and is discussed under the heading of high-speed systems. 
Of interest in the 180 bit-per-second group is a family of 
parallel subsets illustrated in Fig. 16. The three types of 
subset shown are arranged to accept and deliver informa- 
tion in forms which are compatible with contemporary 
business machine practices. The TOOTS (Three-Out-Of- 
Twelve) subset, for example, will accept the parallel output 
of the twelve reading pins in an IBM or equivalent card 
reader, and no serializing of the data to be transmitted is 
required. 

The heart of the parallel subsets is a multi-frequency 
transmitter, shown schematically in Fig. 17. The circuit 
involves a single transistor which furnishes gain for an 
LC tank. The transistor is powered over the telephone 
line by the central office battery, with a bridge rectifier 
employed to provide the proper polarity of voltage to the 
transistor regardless of the battery polarity. Two tank cir- 
cuits are used in the basic configuration, called a 4 x 4 
system. The transmitted frequency is determined by the 
closing of one of the contacts in each group of four. In 
a 4 x 4 system, one contact closes in each of the two 
groups, resulting in the transmission of two simultaneous 
frequencies, and providing sixteen possible combinations. 
This system is used for the transmission of numerical 
information. When a third tank is added, one contact can 
be closed in each of the three groups, and 64 possible 
combinations, enough for the transmission of alpha-nu- 
merical information, are obtained. Thus, the two-out-of- 
eight transmitter shown in Fig. 16 contains two tank cir- 
cuits, and the three-out-of-twelve transmitter contains 
three. A twelve-frequency receiver can be used with both 
eight- and twelve-frequency transmitters. 

The 6-Lead Binary transmitter is an fm device which 
electronically translates a six-level binary input to three 
simultaneous tones, which are received by a three-out-of- 
twelve output receiver. Such a system can be used when 
the input is derived from tape and the output is used 
to punch cards. 

An audible answer-back facility is provided in the 
systems shown in Fig. 16 (B) and (C). These parallel 
subsets are essentially data-gathering devices, designed to 
supply information from outlying points to a central loca- 
tion. The audible answer-back permits the supply of in- 
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structions and other information from the central location 
to the outlying points at minimum system cost. Telephone 
equipment is normally used in conjunction with the data 
subsets, as shown in Fig. 21. 

The low-speed systems mentioned above are repre- 
sentative only; many other types of equipment are also 
available, including peripheral units such as automatic 
card-to-tape, tape-to-card, and hard copy converters. 


High-speed systems 


The equipment now in use or under development tor 
the transmission of data at speeds in excess of 200 biis 
per second represents almost all the modulation, detection 
and band compression techniques discussed earlier, and 
some highly sophisticated variations of these techniques. 
Descriptions are given below for four systems which are 
now in use, and which employ differing approaches to 
the various problems encountered at high transmission 
speeds. A brief outline of some of the developmental 
systems is also given. 

The Kineplex Systems—Collins Radio Company 

With the exception of the vestigial sideband systems 
used for facsimile and telephoto transmission, Collins’ 
Kineplex was the first high-speed data transmission system 
to come into use. Its name is derived from the kinematic 
method (the use of electromechanical resonators) em- 
ployed, in conjunction with multiplex techniques. 

Kineplex is an example of the “parallel” approach to 
data transmission, in which the voice channel is divided 
into multiple narrow-band channels, each of which oper- 
ates at relatively low speed. The TE-202 Kineplex system 
utilizes twenty equally spaced tones, each of which is 
phase-shift modulated by two channels of data at 75 bits 
per second. In effect, the system provides forty channels 
at 75 bits per second, resulting in a maximum transmis- 
sion rate of 3,000 bits per second. The equipment may 
be used to transmit up to forty channels of 100 wpm 
teletypewriter information, or binary data from punched 
cards, magnetic tape, paper tape, etc., or a combination 
of these types of information. 

A more recent version of the Kineplex system, desig- 
nated TE-206, utilizes the same general principles as the 
TE-202, but encodes the data to be transmitted into 
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Fig. 19. Collins Radio Co. Kineplex systems utilize cards, 
tape, facsimile, etc., to transmit data. Equipment shown 
above uses magnetic tape to handle 2,400 bits per second 


quadrature modulation of four equally spaced tones to 
obtain eight 300 bit-per-second channels. The maximum 
transmission rate of this system is therefore 2,400 bits 
per second. 

The modulation and detection techniques used in Kine- 
plex are too complex to permit detailed consideration 
here, but the system employs several unique processes 
which are outlined briefly below. 

In a simple phase-shift system, the data can be repre- 
sented by a 0 degree phase shift for a “yes” bit or mark, 
and a 180 degree phase shift for a “no” bit or space, 
relative to a reference phase. A second channel of in- 
formation can be added on the same tone, by using shifts 
of 90 degrees and 270 degrees for the mark and space 
conditions of channel 2, without affecting channel 1. As 
shown in Fig. 18, superimposition of two channels coded 
as above yields four possible resultant vectors which, when 
decoded, indicate the mark or space condition for each 
of the two channels on the tone at any given time. If 
the vector lies in quadrant A, it indicates a mark condi- 
tion for channel 1 and a mark condition for channel 2; 
if the vector lies in quadrant B, it indicates a space con- 
dition for channel | and a mark condition for channel 
2, and so on. For the four possible combinations of in- 
formation in the two channels, the phase shifts between 
successive tone conditions would be 45, 135, 225, and 
315 degrees. This is the phase encoding technique used 
in the Kineplex equipment. 

If the receiving terminal is to make mark-space deci- 
sions on the basis of phase shift, a reference phase must 
be made available. In the Kineplex system, this is accom- 
plished by using any given tone condition (or pulse) as 
the 0 degree reference phase for the pulse following it. 
The receiving equipment for each tone includes two high-Q 
mechanical resonators which are turned on and off in 
step with the start and finish of each tone pulse. The 
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resonators are alternately allowed to ring for the pulse 
interval, so that one resonator stores the energy of a 
pulse while the other resonator is being driven by the 
following pulse. When the build-up of the driven resonator 
is complete, the two pulse phase conditions are compared, 
and a detector output is obtained which indicates the na- 
ture of the information represented by the phase relation- 
ship between the stored pulse and the one following it, 
for channel 1. 

The stored tone pulse is rotated in phase through 90 
degrees before application to the detector for channel 2, 
the quadrature channel. The two detector outputs are then 
sampled, and the positive or negative pulses obtained are 
used to drive a bistable circuit which reconstructs the 
original data. 

A separate synchronizing tone is used to ensure that 
the receiver timing is accurate, and that optimum gating 
is used in the detection process. The signal-to-noise per- 
formance of the Kineplex system, like that of most con- 
temporary high-speed systems, is largely achieved through 
the use of a pulse integration period which is just equal 
to the length of a pulse, so that the detector is exposed 
to noise only during periods of maximum signal. The ex- 
pression “predicted wave signaling” has been used to de- 
scribe the Kineplex operating principle, since the detec- 
tion process is based on information available to the de- 
tector (pulse length, pulse shape, pulse frequency and 
spectrum distribution, and possible information content) 
before the incoming pulse arrives. In the broad sense, 
the term is no longer unique to Kineplex, but can be 
applied to most of the recently developed systems using 
synchronous detection. 

Kineplex (Fig. 19) is claimed to be superior in per- 
formance to narrow-band frequency-shift telegraph sys- 
tems in the presence of noise, and to require less delay 
correction than serial transmission systems capable of the 
same speeds. Auxiliary equipment is available for the 
transmission and reproduction of punched cards and mag- 
netic tape, at rates of 100 cards per minute and 300 
seven- or eight-bit characters per second, respectively. 

The Sebit-25 System—Rixon Electronics Inc. 

An example of the vestigial-sideband amplitude-mod- 
ulation approach to high - speed data transmission is 
Rixon’s Sebit-25 (Serial Binary Information Transmission). 
This is a binary or two-level am system designed to trans- 
mit digital data at rates of up to 2,500 bits per second. 
The system employs synchronous detection, and provides 
built-in amplitude and delay equalization facilities. A 
Sebit-25 terminal, shown in Fig. 20, contains a transmit- 
ter, a receiver, a common timing unit, and a random 
keyer for test purposes. It may be used either as a full- 
duplex terminal or as a one-way regenerative repeater. 

In the transmission circuitry, the constant-rate, serial 











binary data input is limited and shaped to reduce the 
amplitudes of frequencies above 2,500 cps, the channel 
carrier frequency. The shaping filter has a rise time equal 
to the duration of one bit, so that the signal resulting 
from an input rate of 2,500 bits per second contains fre- 
quency components from zero to 1,250 cps. This mini- 
mum-bandwidth amplitude modulation of the 2,500 cps 
carrier produces a 1,250 to 3,750 cps modulator output, 
which is applied to a vestigial-sideband filter and re- 
stricted to the range from 1,000 to 3,000 cps. 

The incoming signal to the receiver is filtered and 
amplitude equalized to eliminate off-frequency interfer- 
ence and minimize noise, and is then applied to a fast- 
acting AGC circuit which compensates for transmission 
level variations of up to 50 db, and provides the receiving 
detector with a relatively constant-level input. A delay 
equalizer, consisting of a series of stagger-tuned phase lift- 
ing networks, is used to compensate for differential delay 
across the voice band prior to recovery of the modula- 
tion envelope by the detector. 

Despite amplitude and delay equalization, the modula- 
tion envelope obtained from the detector is still subject 
to some amplitude variation, and to time jitter resulting 
from a combination of amplitude and delay distortion 
during transmission. To overcome these effects, the de- 
tected signal is sliced to produce a bipolar square wave 
free of amplitude variation, and the sliced waveform is 
synchronously sampled at the midpoint of signal axis 
crossings (the anticipated centre of each bit). The output 
of the sampling circuit is a regenerated binary signal which 
corresponds to the original digital information. 

The Sebit-25 is a bit-synchronous system; both trans- 
mitter and receiver are timed by 2,500 cps standard clock 
signals derived from a 100 ke master oscillator at each 
terminal. The receiver timing circuits are locked in fre- 
quency and phase with the transmitting terminal by com- 
paring the receiver clock signal with pulses derived from 
the axis crossings of the sliced signal envelope. Any phase 
discrepancy between the axis crossings of the received in- 
formation and the receiver clock signal appears as an 
error voltage which actuates a servomotor and returns 
the receiver clock to synchronism. 

Incorporated into the equipment is a random-bit gen- 
erator which simulates a normal digital input to facilitate 
initial adjustment and maintenance. 

Recent tests of the Sebit-25 system over wire-line fa- 
cilities in the United States indicate that the system is 
capable of an error rate of 1.5 in 10® bits. The actual 
significance of this error rate depends upon the number 
of “hits,” or signal interruptions, the number of bits de- 
stroyed per hit, and the data block length. The test results 
state that if the data were being transmitted in 2,000-bit 
blocks, the average error rate would be one lost block 
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Fig. 20. Sebit-25 data terminal 
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Fig. 21. Bell System Model III FM Digital Subset 


The FM Digital Subset—Bell Telephone System 


As noted in the preceding discussion of the Bell Sys- 
tem Dataphone concept, the design of a data terminal 
equipment for use in conjunction with other services, over 
the switched telephone network, may be governed more 
by flexibility requirements than by attempts to achieve 
maximum operating speeds. The FM Digital Subset is 
an example of equipment which is intended for use with 
a number of different input/output devices, in applications 
involving transmission speeds from 75 to 1,600 bits per 
second, depending upon the type of service and the avail- 
able transmission facility. 

The modulation method used is simple frequency shift. 
A “yes” bit or mark is represented by one frequency, and 
a “no” bit or space by another. The selection of suitable 
frequencies is governed by channel bandwidth, required 
transmission rate, and possible interference with other 
telephone services. Representative frequencies for use 
in narrow-band voice channels might be 900 cps for 
mark and 1,400 cps for space, while private line channel 
characteristics might permit wider spacing, say 1,100 cps 
for mark and 1,900 cps for space, with resulting higher 
permissible bit rates. 

Serial binary data from the various possible sources 
is standardized, shaped, and applied to an fm modulator 
which has a linear output-frequency vs keying-voltage 
characteristic. The modulator output is filtered to remove 
all harmonics, amplified, and sent to the transmission 
medium in essentially sinusoidal form. At the receiving 
terminal the incoming signal is filtered and limited to pro- 
vide a square wave of constant amplitude over an input 
level range of about 40 db. The limiter output is differ- 
entiated, inverted, and used to produce a series of negative 
pulses at twice the frequency of the modulated carrier, 
so that each pulse corresponds to a zero crossing of the 
carrier. When the carrier frequency is shifted to repre- 
sent a “yes” bit, these pulses are farther apart, and there- 
fore at a slower rate, than when the carrier represents a 
“no” bit. The pulses are applied to an integrator which 
charges a capacitor between pulses, and provides one of 
two charge levels in accordance with the input pulse rate. 
The integrator output is sliced to define the two charge 
levels, averaged in a low-pass filter, and sliced again to 
produce square waves at the appropriate bit rate. 

The FM Digital Subset is designed to operate in one 
of three modes, which are selected by pushbuttons on the 
telephone set associated with the unit (Fig. 21). A teletype- 
writer mode permits transmission to and from a 100 wpm 
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teletypewriter (a rate of 75 bits per second). A low-speed 
data mode permits transmission at rates up to 180 bits 
per second, and is used with input/output equipment such 
as the IBM card punches and readers, and some automatic 
tape transmission machines. The third model is used for 
high-speed data, and permits transmission at up to about 
1,600 bps. In each case, the selection of a mode sets up 
the input and output connections to the subset, and selects 
the optimum low-pass filter for the particular transmission 
speed. 

The Bell System recently completed a series of tests 
to determine the suitability of the switched telephone net- 
work for data transmission. In the course of these tests, 
in which the FM Digital Subset was used, some 1100 
calls were made, of which about 25% were local (ex- 
change) calls, 25% were short-haul long distance calls of 
up to about 400 miles in length, and the remaining 50% 
were long-haul calls, 400 to 3,000 miles long. Tests were 
made at transmission speeds of 600 and 1,200 bits per 
second. Since the basic purpose of the test program was 
to establish the limitations and performance of the tele- 
phone network, rather than the data transmission equip- 
ment used, it would be unrealistic to assess the FM Digital 
Subset, as such, on the basis of the results, but Figs. 22 
and 23 give a general idea of the performance obtain- 
able under the specified conditions. It can be seen that 
an error rate of one bit per 10° was obtained on about 
85% of the exchange calls made, at 600 bits per 
second, while 82% of the short-haul long distance 
calls. As shown in Fig. 23, the error rate for a given 
calls. As shown in fig. 23, the error rate for a given 
percentage of the circuits is two to three times greater at 
1,200 bits per second than it is at 600 bits per second. 
These results can only be assessed with accuracy in the 
light of the test conditions; the interested reader should 
refer to the full test report (see reference on page 41). 
JULY 
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Fig. 24. Binary-to-quaternary conversion and modulation r 


The Quaternary FM System—Lenkurt Electric Company 

Examples have been given of band compression by 
quadrature phase modulation of multiple tones, and by 
sideband filtering of a modulated am signal. The Lenkurt 
high-speed Quaternary fm system employs a unique code 
conversion technique to achieve two-to-one band com- 
pression and thus double the information rate normally 
obtainable in a voice channel using frequency-shift modu- 
lation. 

The envelope delay characteristics of the average 
voice channel restrict the low (“yes”) frequency in a simple 
binary frequency-shift system to about 1,000 cps. Similar- 
ly, the “no” or higher frequency cannot generally be 
higher than about 2,600 cps. Assuming a channel band- 
width of 1,200 or 1,600 cps, the maximum practicable 
speed in a two-frequency system is of the order of 1,200 
to 1,600 bits per second. 

Instead of using only the two frequencies at the ex- 
tremes of the flat band, the Lenkurt system uses four 
equally spaced frequencies; 1,200, 1,600, 2,000 and 2,400 
cps. Operating at a rate of 1,200 shifts per second or 
higher, the system may shift from one extreme frequency 
to the other (1,200 to 2,400 cps), between the two inter- 
mediate frequencies (1,600 to 2,000 cps, or vice versa), 
or from any one frequency to any other. Binary-to-qua- 
ternary code conversion is used to make each frequency, 
or state, represent two bits, so that the information rate 
is doubled with no increase in shift rate. Fig. 24 illustrates 
the principle of the quaternary code conversion. Since 
there are only four possible messages which can be con- 


























esults in one frequency shift per two bits. 


veyed by two adjacent bits, each pair of bits can be 
represented by one of four states—in this case, frequencies. 

The serial binary data input is applied to a storage 
circuit in the transmitter. As soon as two bits have been 
stored, the transmitter determines which of the four fre- 
quencies should be sent; if two “yes” bits or marks follow 
one another, the transmitter shifts to 2,400 cps; if the 
next two bits are a space followed by a mark, the trans- 
mitter shifts to 1,600 cps, and so on. The frequency shifter, 
or deviator, in the transmitter is a linear device, so that 
the frequency shift is continuous and uniform from any 
one of the four frequencies to any other. 

The instant at which a shift is initiated is controlled 
by a timing circuit (“clock”) at the transmitting terminal. 
The clock, which operates at one-half the bit rate, also 
controls the input of data from the external source (card 
or tape reader, etc., to ensure a uniform transmission rate. 

To overcome the “keying loss” which occurs when the 
modulating frequency approximates the frequency of the 
carrier, the actual modulation is performed on a 10 kc 
carrier, with the four shift frequencies being 9,400, 9,800, 
10,200 and 10,600 cps. A step of linear modulation is 
then used to position the signal in the voice band for trans- 
mission. 

At the receiving terminal, a linear modulator returns 
the incoming voice-band signal to the 10 ke range for 
demodulation. After limiting to remove amplitude varia- 
tions, the frequency-shift signal is applied to a linear dis- 
criminator which delivers a de voltage in direct proportion 
to the detected frequency. This voltage is synchronously 


























Fig. 25. Lenkurt Electric high-speed Quaternary FM Data Transmitter and Receiver 
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Fig. 26. Bell System Four-Phase Subset 


sampled, and polar square waves duplicating the original 
pair of bits are generated. The incoming signal is used 
to control the sampling rate, and thus keep the trans- 
mitting and receiving clocks in synchronism. Since no fil- 
ters, resonant circuits or other devices tuned to a specific 
frequency are amployed, the response of the system to 
signal frequency changes is instantaneous. 

The system (Fig. 25) is capable of a nominal trans- 
mission rate of 2,400 bits per second in a 900 to 2,700 
cps channel, and a maximum rate of 3,360 bits per sec- 
ond in a suitably delay-corrected 900 to 2,900 cps channel. 
Error rates of 1 bit per 10° are obtained with a signal- 
to-noise ratio of 25 db; in missile guidance applications 
involving high-quality voice channels, and over good pri- 
vate-wire circuits, the system is providing error rates of 
1 bit per 107. 

Developmental systems 

Among the high-speed systems under development are 
phase-modulation systems (International Business Ma- 
chines, Bell Telephone System, Robertshaw-Fulton Con- 
trols), an impulse system (Stromberg-Carlson), and vesti- 
gial sideband (Western Union, Stromberg-Carlson). 





CANADIAN NATIONAL TELEGRAPHS 


The Hydro-Electric Power Commission of Ontario has 
installed a comprehensive data transmission system to 
work with its Univac Il digital computer in 
Some 100 Area Offices feed business data to 9 Regional 
Offices by Canadian National teletype facilities. Regional 
Offices are linked to Head Office by Bell Telephone 
facilities. This involves approximately 13,000 line-miles. 
CNT Autoscans (in centre of the left photograph) located 
at each Regional Office continually search the Area 


Toronto. 
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The IBM system employs 180-degree phase reversals 
of the carrier frequency to indicate the “yes” and “no” 
conditions in the signal. Thé system is bit synchronous. 
The phase-shifted signal is filtered to remove a portion of 
the upper sideband, and in this respect it resembles a 
vestigial-sideband system. A pilot carrier is transmitted for 
use in the timing of the receiver sampling rate, and the 
pilot is related to the signal in such a way that the pulse 
status is defined at the start of a data block, thus solving 
the phase ambiguity problem. Speeds of up to 2,400 bits 
per second are expected over suitably delay-corrected 
circuits. 

A system similar to the IBM phase-modulation system 
is under development by Robertshaw-Fulton Controls. 
This approach also involves a type of vestigial filtering, 
but instead of two 180-degree phase conditions, the system 
employs three phases 120 degrees apart, with two of them 
representing the “yes” and “no” conditions, and the third 
serving as a reference phase. The relationship of the three 
phases is continuously checked, and the “yes” and “no” 
phases are corrected automatically in the event of a shift 
or a transmission interruption. This system is also ex- 
pected to operate at up to 2,400 bits per second. 

A four-phase subset, shown in Fig. 26, is currently 
being field tested by the Bell System. Little is known 
about this equipment, except that it employs phase modu- 
lation, is bit synchronous, and is expected to operate at 
2,000 bits per second over the switched telephone network. 

Two data transmission systems are under development 
by Stromberg-Carlson, one for use on local telephone cir- 
cuits where high random and impulse noise are not likely 
to occur, and the other for use on standard telephone car- 
rier facilities. The local exchange system uses direct 
transmission of the data baseband signal, which is modi- 
fied so that mark-to-space transitions are represented by 
positive impulses, and space-to-mark transitions by nega- 
tive impulses, and space-to-mark transitions by negative 
impulses (thus the term “impulse”. system). The use of 
special filters permits the transmission of a very narrow 
baseband (500 to 1,500 cps, and speeds of 5,000 bits per 
second with error rates of 1 per 10° bits are reported. 
The system for use on standard telephone carrier facilities 
utilizes vestigial-sideband am and is designed for 2,500 
bit-per-second rates. 


ONTARIO HYDRO 


teletype lines and start transmission from the Area Offices 
when data is present. The photograph at right shows 
paper tape perforators at Head Office where informa- 
tion is received from Regional Offices. Tapes are later 
resorted to group particular types of information on 
different reels. The next step is to convert the informa- 
tion from paper to magnetic tapes prior to processing 
it in the Remington-Rand Univac Il digital computer. 
System of seven digit codes is used for error detection. 

JULY 
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Present and future applications 
of data transmission 


Any discussion of the present and/or future applica- - utilization of rolling stock, and so on. The railroad field, 


tions of data transmission must obviously be tempered by 
consideration of the demand for data processing equip- 
ment. The need for transmission of data as it has been 
defined here can only arise as a result of the application 
of data processing techniques of one kind or another to 
business and scientific processes. It is neither necessary 
nor desirable to expound here upon the widespread accept- 
tance of data handling systems to date, however; the growth 
record of the computer and data processing industry speaks 
for itself. If the existing and proposed investment in design 
and development of new equipment is any indication, the 
future is even brighter than the past. 

The tremendous business expansion which has created 
the need for improved data processing systems has been 
accompanied by a general trend toward decentralization. 
Efficient distribution of goods and services in an increas- 
ingly competitive economy deniands the provision of pro- 
duction, warehousing, and sales-service facilities at widely 
dispersed points. Instructions and other information must 
be made available to these separated locations if activities 
are to be co-ordinated and production or marketing effi- 
ciency maintained. If data processing techniques have been 
applied within the organization in order to accelerate the 
generation and handling of information, the communica- 
tions. facilities between the various locations must be capable 
of transporting this information quickly and accurately, or 
the purpose will be defeated. 

Probably the most important single contribution of high- 
speed data-handling systems, in corporate terms, is their 
ability to provide management control information to 
permit management consideration of the “total problem” 
of the “total operation.” Information of this kind, previous- 
ly impossible or far too expensive to develop, can now be 
obtained on an almost continuous basis, and this in turn 
makes possible even greater decentralization. The role of 
communications in this picture is obviously of extreme 
importance. Business techniques have made the movement 
of information in large quantities necessary, and new trans- 
mission techniques are making it possible. 


Present applications 


The industries presently employing data transmission 
as an integral part of their operation range from life in- 
surance to railroading; from banking to chain store food 
marketing. It is not possible with the space available here 
to discuss even a small percentage of the many applications, 
but one or two typical examples will illustrate the scope 
of existing uses. 

Both major Canadian railroads make extensive use of 
data transmission in connection with their centralized data 
processing facilities. Many thousands of miles of circuits 
are used to feed information to and from computers in 
Montreal for use in financial planning, materials inventory 
and distribution, payroll accounting, distribution and 
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in fact, provides one of the most dramatic potential areas 
of application for data handling and transmission; the 
simulation and evaluation of train operations for schedule 
planning, traffic control, rate formulation, etc., is only one 
of the many possible applications which come to mind. 
Extensive facilities are now being developed for the gather- 
ing of information about train makeup, car loadings, etc., 
at both the Canadian National and Canadian Pacific sys- 
tems’ far-flung terminal points, in order to derive maximum 
benefit from their existing and projected data handling 
facilities. 

One specific example of the way in which data trans- 
mission can contribute to industrial control and materials 
handling efficiency, in this case also involving a railroad, 
is the system employed by the Iron Ore Co. of Canada 
between Schefferville and Seven Islands, Quebec. In what 
is surely one of the most highly automated systems of its 
kind, iron ore is loaded into cars at the mine site in 
Schefferville, transported to Seven Islands, properly classi- 
fied as to grade, mixed to satisfy the requirements of each 
particular order, and automatically loaded into ships in 
the required quantities. The grade of ore in each car, the 
makeup of each train, and other pertinent information is 
transcribed onto punched cards as each train is assembled, 
and the card data are transmitted to Seven Islands during 
the train’s 36-hour journey. The punched cards reproduced 
from the transmitted then control the 
grading, routing and loading procedures when the train 


data are used to 
arrives. Dismissal orders, loading and invoicing documents 
are automatically prepared. 

Many similar applications for data transmission have 
been exploited by U.S. railroads; in at least one case, in- 
formation received from outlying points, including station- 
to-station moves of each empty car, loading and unloading 
reports showing cars spotted empty or released after un- 
loading, etc., is transmitted to a central location. This data 
is reduced, integrated with such information as activity 
forecasting, time standards and inventory status, and sup- 
plied to a computer which determines the best possible 
operating program, and thus controls the over-all operation 
of the railroad. 

Among the more highly publicized applications for data 
transmission have been the airlines’ reservations systems. 
Teletype, or low-speed data transmission, has been provid- 
ing this service for decades, but the increased volume of 
traffic, the high cost of unused space, and higher speeds of 
transportation have made improved distribution of infor- 
mation imperative. Trans-Canada Air Lines is now actively 
engaged in installing new data handling and transmission 
facilities; in the United States, every major airline has a 
large-scale program either in operation of under way. 
United Airlines has a system in operation which will handle 
2,000 flights per day for six months ahead, and connects 
208 offices in 80 cities. Some of these reservations systems 
involve immensely powerful computers and elaborate meth- 
ods for the prevention of system failure. The American 
Airlines “Sabre” system, for example, will be provided with 


complete standby equipment, including computers. 





Most federal reserve banks are now connected on an 
area basis to permit the transfer of funds by facsimile. 
One New York bank has 27 branches interconnected via 
data transmission facilities, and one or two banks now use 
transcontinental circuits to provide for rapid cheque veri- 
fication, posting of withdrawals and deposits, and other 
services. Centralized savings account records are main- 
tained by three eastern U. S. banks by means of a data 
handling network. 

For most of the applications mentioned above, com- 
paratively low-speed transmission is adequate and, although 
requirements may change sooner than expected, no large- 
scale need for high-speed facilities is anticipated until about 
1965. There are, however, some such applications at the 
moment; the U.S. Weather Bureau is using a microwave 
system to connect two IBM 704 computers, and the link 
handles 75 inches of magnetic tapé per second, requiring 
6.4 minutes to transmit a 2,400-foot reel of tape. The two 
computers are needed to process weather reports which 
arrive by teletype from the thousands of weather stations 
throughout the continent. The data processing equipment 
produces over-all forecasts for commercial and military 
use. 

Only a few of the existing data transmission applications 
are mentioned above. To these must be added the hundreds 
of thousands of circuit miles used by pipelines and utilities 
for telemetering and control, the world-wide military in- 
stallations used for the movement of tactical, logistic and 
administrative data, and an untold number of other appli- 
cations. 


Future applications 


Predictions of the future scope for data transmission 
become difficult to make when one considers that all the 
design, development and application of existing data han- 
dling equipment has been carried out within the past ten 
years. No one can accurately predict the growth of business 
data processing in the next: ten years, but the surface of 
the need has barely been scratched, and contemporary 
methods are placing less expensive, more efficient equip- 
ment and services within the reach of a much wider user 
market. 

The speed and efficiency of data processing and trans- 


ONTARIO HYDRO 
Typical application of data transmission is Ontario Hydro 
system where Area Office (above) uses paper tape to 
teletype business information to Regional Office 
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mission systems is still limited to a large extent by the 
need for human intervention. Even now, fully integrated, 
data-controlled business and industrial processes are rela- 
tively rare, and much work remains to be done on the 
mechanization or automation of the external functions 
which ultimately utilize the information being processed 
and/or transmitted. In many instances, the measure of 
potential data transmission requirements is the degree to 
which human intervention can be eliminated. 


Such operations as completely automatic warehousing, 
with computer-controlled ordering, shipping, inventory 
control and billing, including the actual handling of ma- 
terial, are certain to evolve. In fact they are possible at 
the present state of the art. Automatic self-checking and 
status-reporting on the part of the data processing and 
transmission equipments would render the remote control 
of unattended industrial processes entirely feasible. Given 
sufficient speed and accuracy of information transmission, 
a nationwide railway could be completely controlled from 
one location. There is no end to the list of possible appli- 
cations for data transmision, but they are largely evolution- 
ary, and many of them depend upon advances in other 
fields. 


Less glamorous perhaps, but indicative of the extent 
to which data transmission will eventually become inte- 
grated with everyday life, is a proposal now under con- 
sideration in some parts of the United States which would 
turn the job of reading electrical and gas meters over to 
the local telephone company. Meters would be telemetered 
on telephone company facilities, and automatic monitoring 
equipment at a central location would read them sequen- 
tially during off-peak hours. A slightly less serious applica- 
tion of data transmission is now in use in New Zealand, 
where race track totalizators are connected to the betting 
windows at a number of tracks via data circuits to provide 
nationwide odds. 


Data, in the transmission sense, has been treated 
throughout these discussions as an alternative to speech for 
purposes of conveying information. Yet it is in the area 
of speech transmission that the data concept may have its 
most profound effect. Information theory studies indicate 
that pulse code modulation (PCM) may be the nearest ap- 
proach possible to ideal transmssion. The method involves 
the quantizing of information into standard values which 
can then be coded and transmitted in pulse form. Thus, 
analogue information such as speech, which is subject to 
distortion’ or degradation, by noise during transmission, 
can be represented by a signal which may be regenerated 
as many times as necessary provided the signal-to-noise 
ratio is satisfactory. Experimental television transmission 
comparable in quality to commercial television has been 
achieved using a five-unit pulse code, and several PCM 
signaling methods have been developed for use in tele- 
phone switching applications. If these techniques prove 
successful, then, within 10 to 20 years, there may be as 
many data terminals in service as there now are voice 
terminals. END 
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EIA elect Key new president 


James Key, general manager of Aerovox Canada 
Limited, Hamilton, is the new president of the Elec- 
tronic Industries Association of Canada. Mr. Key was 
chosen to lead the 114-company membership at the 
Association’s 31st Annual Meeting held June 16-17 at 
Mont Tremblant, Quebec. 

Born in England in 1915, Mr. Key was educated in 
the Hamilton area, graduating from the Hamilton Tech- 
nical Institute and the Central Collegiate Institute. Since 
joining Aerovox 25 years ago he has held a number of 
appointments in the production departments, was ap- 
pointed assistant general manager in 1951, and one year 
later had earned the position of general manager. 

Since 1951, when he was his company’s representa- 
tive to what was then the Parts Division, Mr. Key has 
held various important posts in the Association up to 
first vice-president and chairman of the Components 
Division for the 1959-60 term. 

Other Board members elected for the 1960-61 term 
include J. D. Houlding, president, RCA Victor Co. Ltd., 
Montreal (first vice-president and chairman of the Elec- 
tronics Division); W. F. Wansbrough, vice-president, 
Canadian General Electric Co. Ltd., Montreal’ (vice- 
president and chairman of the Receiver Division); and 
D. Knapp, general manager, Canadian Stackpole Ltd., 
Toronto (vice-president and chairman of the Compo- 
nents Division). 
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Government policy creating unemployment 


The above headline, indicative of the strong line now 
being taken by the Electronic Industries Association of 
Canada in regard to the problems of the industry, was 
used on an Official announcement made by the Associa- 
tion at the 3lst Annual Meeting last month. The full text 
of the announcement read as follows: 

“The survival of the manufacturing industry, which 
comprises 45% of the working population of this country 
today, is being undermined by our Government. Foreign 
imports are being favored by a Government policy that 
is forcing thousands of Canadians out of work. 

“Electronics, a key industry in Canada’s future, both 
in manufacturing and defence, is being sacrificed because 
of ‘subsidized imports.’ 

“The electronics industry is essential to the survival 
of any modern industrial nation. Our federal Government 
is neglecting its responsibilities to the most important 
section of our job-producing economy, and is rapidly 
forcing the Canadian electronics industry out of business. 

“At the present time electronic tube manufacturing, 
which is at the heart of the whole electronics industry in 
Canada, is being systematically destroyed by Government 
discrimination at no benefit to the consumer. This has 
been drawn to the attention of our Government, but 
despite the urgency of this situation, nothing has yet been 
done to aid the tube manufacturers in Canada. 

“In addition, the radio receiver manufacturers last year 
lost over 45% of their domestic market to foreign imports 
despite repeated appeals to Government for assistance. 
Again, no action has been taken. Canada is in danger of 
losing its key electronics industry, and unless something is 
done to effectively curb imports, our Government will be 
directly responsible for increasing unemployment in this 
industry.” 


52 


This announcement was the first step in a campaign 
that industry leaders believe to be a “fight for survival.” 
The seriousness of the situation is amply illustrated by 
the statement of W. E. Curry, chairman of EIA’s Ad Hoc 
Committee on Importation, that if Japenese tube imports 
were not controlled, Canadian manufacture of tubes would 
have to cease within 18 months to two years. 

Here are the facts. Imports of Japanese tubes were 
zero until 1957; 212,962 units in 1958; 2,205,140 units in 
1959; and estimates for 1960 lie between five and six 
million units (one Japanese manufacture alone is reputed 
to be aiming at Canadian sales of this order). Canadian 
production in 1959 was 15 million units, and another 
eight million specialized tubes were brought in from the 
U. S. and Europe. But the Japanese imports are of the 
popular types that the Canadian industry is tooled-up to 
produce, 

At the same time, these snowballing imports are favored 
by the method of calculating sales and excise taxes on 
a percentage basis. An average Japanese tube is valued at 
31c; this is subject to duty of about 6c, plus an 11% sales 
tax and 15% excise tax which together come to about 
10c. The equivalent Canadian tube, with a factory selling 
price of $1.00, is subject to the same percentage taxes, 
which total 26c. There is thus a discrimination of 16c 
in favor of the imported tube. 

The problem of the radio receiver manufacturers is 
very similar. Imports of Japanese portable transistorized 
sets have grown rapidly to 395,000 units in 1959, which 
together with imports from other countries (notably West 
Germany) comprised 45% of the Canadian market. 

Productive employment in the Canadian electronics 
industry dropped from 25,000 in 1955 to 19,000 at the 
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Nucleonic news 


Soviet scientists have discovered 
a new nuclear particle 





A new nuclear particle, the anti 
sigma minus hyperon, has been dis- 
covered by a group of scientists of 
the High Energies Laboratory of the 
Joint Nuclear Research Institute in 
Dubna near Moscow. The new par- 
ticle belongs to the anti-particles class 
and has a positive charge. Its mass 
is about 2,300 times as great as the 
electron mass, and its life is about 
one ten-thousand millionth of a sec- 
ond. During this time it disintegrates 
into an anti-neutron and a positively 
charged pi-meson (a meson with a 
mass 273 times as great as the elec- 
tron). 

The existence of the new particle 
was foretold by theoretical physicists, 
but discovery of the particle involved 
extensive experimental work. The 
trace was finally located after scien- 
tists studied some 40,000 pictures 
taken by means of a propane bubble 
chamber bombarded in a_ synchro- 
phasotron. 


Instrumentation sales 
pass $47 million mark 
United States sales of nuclear in- 
strumentation and related electronic 
equipment are estimated. to have 
reached $47.1 million in 1958 ac- 
cording to statistics just released by 
the Atomic Industrial Forum, the as- 
sociation of the nuclear industry, in a 
special report entitled: Business Statis- 
tics on the Atomic Industry, 1954- 
1958. This estimate was projected 
from reported 1958 sales included in 
an AIF survey, which developed data 
on U.S. atomic industry sales of nu- 
clear reactors, components, materials 
and services to government, industry 
and overseas markets for the five 
years from 1954 through 1958. The 
total sales estimated for the period 
for all the foregoing categories 
amounted to approximately $1.5 bil- 
lion, projected from a $933 million 
total reported by close to 200 firms 
responding to the poll. Data on 1959 
sales will be released later this year. 
For 1958, total nuclear industry 
sales were estimated at more than 
$659 million with electronic-based 
items amounting to about 7%. Private 
1954-58 expenditure for research and 
development in the general area of 
nuclear components was estimated at 
$19.3 million; expenditures on behalf 
of government at $19 million. 
Copies of the report may be ob- 
tained from the Atomic Industrial 
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Forum, 3 East 54th Street, New York 
22, N.Y., at $3.50 per copy. 


Radioisotopes test 
wire insulation 

A research worker of the United 
Kingdom Atomic Energy Authority 
has devised a method of testing the 
insulation on a cable on a continuous 
basis, using radioisotopes. 

When manufacturing insulated 
wire, it is not easy to tell whether the 
strands of conductor metal are in the 
centre of the insulation. In the new 
device, radiation from two _ isotope 
sources is split by lead blocks into 
two slightly divergent pairs of thin 
beams. These form a frame of radia- 
tion in the centre of which is the 
conducting wire. As long as the wire 
remains in the middle of the frame 
while the cable moves through the 
device, the intensity of the four beams 
emerging from the cable will remain 
the same. 

Detectors pick up the emergent 
beams and can be arranged to show 
on which side of the cable thin spots 
in the insulation exist. 

Further information can be ob- 
tained from the Patents Exploitation 
Officer, United Kingdom Atomic En- 
ergy Authority, 11 Charles II Street, 
London S.W.1, England. 


Film badge service 
extended to Canada 

Tracerlab film badge service is now 
available to radiation workers in Can- 
ada. Previous difficulties due to pos- 
sible customs delays have been re- 
solved and customers’ order can be 
processed now. Information can be 
obtained from Tracerlab, 1601 Tra- 
pelo Road, Waltham 54, Mass. 


AEC appoints research 
director 

The United States Atomic Energy 
Commission has appointed Dr. Paul 
W. McDaniel as director of the div- 
ision of research. He has served as 
acting director since August 1959. 

As director of the division of re- 
search, Dr. McDaniel is responsible 
tor guidance of the Commission’s pro- 
grams of basic research in the phys- 
ical sciences in the national labora- 
tories and for administering research 
contracts on the physical sciences at 
many universities and colleges. 
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Melpar enters 
plasma physics 

A plasma physics branch has been 
established at the Physical Sciences 
Laboratory of Melpar, Inc., a sub- 
sidiary of Westinghouse Air Brake 
Company. The new group under R. 
C. Jones will do experimental and 
theoretical work in re-entry plasma 
sheath studies, plasma propulsion de- 
vices, microwave plasma antennas, 
plasma microwave generators and 
amplifiers, high intensity light sources, 
general plasma diagnostics, natural 
plasma phenomena, and direct energy 
conversion. 


Nuclear techniques 
aid weatherman 

Two announcements 
made recently that refute Mark 
Twain’s long-standing comment on 
nobody doing anything about the 
weather. 

Tracerlab has been awarded a con- 
tract by the United States Atomic 
Energy Commission to develop a nu- 
clear weather detector or Tracer- 
sonde. This will be used in a man- 
ner similar to a weathersonde but will 
utilize radiochemical detection tech- 
niques to determine ozone concentra- 
tion in the atmosphere. This will 
help determine size, flow and location 
of ozone clouds caused by solar ra- 
diation in the earth’s atmosphere. The 
information will help weathermen 
predict weather patterns. 

In experiments at the Argonne Na- 
tional Laboratory, a naturally occur- 
ring radioactive gas has been used as 
a tracer to study how weather condi- 
tions affect air pollution. The gas 
radon, a product of radioactive dis 
integration of radium atoms in the 
soil. It has been estimated that every 
square mile of soil to a depth of six 
inches contains approximately one 
gram of radium. 

As radium steadily disintegrates by 
emitting alpha particle from its nu- 
cleus, it releases tiny amounts of 
radon through the soil into the at- 
mosphere. The atmosphere contains 
on the average one part of radon to 
every billion parts of air. 

Scientists in the meteorology group 
of Argonne’s radiological physics 
division measured concentrations of 
radon in the air each hour during 
three observation periods totaling 72 
hours. This enabled them to observe 
how varying weather conditions af- 
fected the atmosphere’s ability to 
cleanse itself of pollution. They also 
discovered new information concern- 
ing the atmospheric distribution pat- 
terns of radon from ground level to 
130 feet. 


have been 





The AMPEX AR-200 
is an analog magnetic tape 
recorder for airborne or mobile use. 
A completely integrated system, it 
occupies just 1.6 cubic feet of 
space and weighs only 95 pounds. 
The AR-200 performs reliably 
from —54°C. to +71°C., at 
altitudes to 100,000 feet, and will 
withstand 15g shocks and 10g 
vibration. Electronics are all 
solid state, and the recorder 
operates on 28 volts DC. Converters 
are available for use with other power 
sources. Standard speeds are 1%, 
3%, 7¥2, 15, 30 and 60 inches per 
second. The AR-200 can be used for 
direct, FM-carrier, PDM or digital 
recording. Models are available 
for up to 14 analog tracks 
or 16 digital tracks. I, R. |. G. 
compatible at no extra cost. For 
specifications write to Ampex of 
Canada Ltd., 607 Commonwealth 
Bldg., Ottawa, Ontario |AMPEX | 


For further information mark No. 12 on Readers’ Service Card 
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end of 1959; it is estimated that several hundred more 
workers lost their jobs in the first half of 1960. In tube 
manufacturing, employment has dropped from 4,500 to 
3,000, a reduction of one third. 

Faced with these alarming facts, EIA proposes to fight 
the battle on three fronts: renewed requests to the Cana- 
dian Government for import quotas to be established and 
for the tax legislation to be re-examined, and requests 
to the Japanese for self-imposed quotas. Direct ap- 
proaches are being made to the Government departments 
concerned, and interested parties have written to Prime 
Minister Diefenbaker and to many Members of Parliament. 

Readers of CEE can play their part by writing to their 
own MPs requesting immediate action. Further facts and 
figures supporting EIA’s case may be obtained from the 
Association at 200 St. Clair Ave. W., Toronto 7—Tele- 
phone WA. 1-2898, or from your editor at 481 University 
Ave., Toronto 2—Telephone EM 3-5981. 
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The AMPEX FR-100B is a high performance 
instrumentation magnetic tape recorder suitable for a wide variety of 
industrial and scientific applications. In manufacturing it is used extensively 
in both machine tool and process programming. In research it will record 
such diverse things as the thrust measurements of a jet engine, cosmic ray 
counts from a satellite, or vibration data developed in testing a 
new car body. This information can be recorded by direct techniques, on 
an FM carrier, by pulse duration modulation, or through NRZ 
digital techniques. It is capable of recording up to 14 analog or 16 digital 
tracks, operates at any of 6 standard speeds from 17% to 60 inches per 
second...can be modified for other speed combinations. And, depending on 
the system used, it will record from a direct current signal up to 100 
kilocycles, +3 db. The FR-100B will also reproduce tapes it has recorded, or 
those made on similar Ampex machines. |.R.|1.G. compatible at no extra 
cost. For complete information on this remarkable recorder write to 
Ampex of Canada Ltd., 607 Commonwealth Bidg., Ottawa, Ontario |AMPEX | 


For further information mark No. 12 on Readers’ Service Card 
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Completely 
CANADIAN MADE 





GY PORTABLE 
AND LABORATORY 
INSTRUMENTS 


GY ELECTRONIC 
INSTRUMENTATION 


Only a complete Canadian 
instrumentation. facility 
can offer the kind of 
service Canadians need. 
Bach-Simpson Ltd. is 
complete — in research, 
design, tooling and 
manufacture. 


If our standard line of 
instruments; complete 

as it is/;won'’t meet your 
requirements, ask us to 
demonstrate the unique 
combination of skills we 
can offer in the design of 
specialized instrumentation 
to meet your specific 
problem. 


Others have, and have been 
completely satisfied ! 
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New technique provides detailed 
information on free radicals 


Free radicals as Studied by 
Electron Spin Resonance 

D. J. E. Ingram; Butterworth & Co. 
(Canada) Ltd., Toronto; 274 pp; $9.50 


Reviewed by R. A. Armstrong, Ra~ 


dio and Electrical Engineering Divi- 
sion, National Research Council, Ot- 
tawa. 

This book describes the application 
of a new technique, electron spin re- 
sonance, to the study of free radicals. 
Although this technique has been in 
use Only for the last ten years, a 
wealth of results have been published 
and the pace is increasing. In certain 
cases electron spin resonance provides 
very detailed information about the 
structure of radicals. Since it causes 
no chemical change the progress of 
reactions can be followed. Unlike 
conventional techniques which are 
primarily suited to the study of radi- 
cals in the gaseous phase, electron 
spin resonance is used primarily on 
liquids and solids, 

The book may be divided into two 
halves; the first half describes spectro- 
meters used, the second half interprets 
the spectra obtained. 

The first half begins with a de- 
scription of microwave circuit ele- 
ments, goes on to the design of spec- 
trometers, and ends with a discussion 
of their ultimate sensitivity. The 
author’s earlier book, “Spectroscopy 
at Microwave and Radio Frequencies” 
(Butterworths, 1955) treats much of 
this same material. However only 
details relevant to the study of radi- 
cals are given here. Consequently a 
unified, logical treatment is given in- 
cluding many of the latest innova- 
tions in design. 

There is only one strictly theoreti- 
cal chapter. A chapter on the spectra 
of stable, free radicals illustrates the 
use of this theory and provides the 
background of experience used in an- 
alyzing the results on more active 
radicals. This arrangement makes it 
possible to review concisely the liter- 
ature on free radicals up to 1958 
There are chapters on stable radicals, 
on inorganic radicals, on biradicals, 
and on radicals produced by irradia- 
tion, by polymerization, and by pyro- 
lysis. The book finishes with a chapter 
on the use of electron spin reson- 
ance in biological and medical re- 
search and gives a survey of future 
uses of the technique. 

This is an excellent book, particu- 
larly for someone considering work 
in this field. Because of its readabil- 
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ity it can be recommended to anyone 
interested in magnetic resonance or 
spectroscopy. 


Mathematical Programming and 
Electrical Networks 

J. B. Dennis; MJ.T. Technology 
Press and John Wiley & Sons, Inc., 
New York; 186 pp; $4.50 

Reviewed by J. H. Milsum, Radic 
and Electrical Engineering Division, 
National Research Council, Ottawa. 

This monograph is one of a series 
designed to bring significant devel- 
opments rapidly to the attention of 
interested people. At the MIT Centre 
for Operations Research, the author 
worked with people in different sci- 
entific disciplines, and the doctoral 
thesis reported in this book benefits 
from the group’s broad interests. 

The central theme is that linear and 
quadratic programming problems can 
be solved by analogous electrical net- 
works, containing a few simple ele- 
ments. These elements are, current 
and voltage sources, diodes, trans- 
formers and resistances. Such prob- 
lems are normally solved on the digi- 
tal computer, by well-established but 
extensive programs. The analog tech- 
nique discussed is not proposed as an 
economic alternative, but rather is 
presented for the valuable physical 
insight of the problem provided. It is 
interesting that the analog electrical 
circuit automatically satisfies the ex- 
tremum principle, which is implicit in 
a mathematical programming prob- 
lem. 

Mathematical programming (linear 
and quadratic) is concisely introduc- 
ed in one chapter. The next chapter 
develops the equivalence to the linear 
programming problem of a network 
containing the first four elements al- 
ready noted. The addition of resist- 
ors extends the equivalence to quad- 
ratic programming. A new simplified 
technique (or algorithm) is suggested 
by the analogy, especially for the 
“Transportation” problem, in the next 
chapter. In this case the analogy uses 
sources and diodes only. The meth- 
od produces results as a “break-point” 
or linear-segmented curve of voltage 
against current. Finally a_steepest- 
descent technique is presented for 
general programing problems. 

This concentrated little book re- 
pays study. It is of obvious value 
to engineers involved in mathemati- 
cal programming, but should also be 
useful to mathematicians. 
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The pilot of today’s supersonic 
fighter aircraft — as heavy as 
yesterday's airliner —no longer 
FEELS the controls in the old 
sense. Instruments like the one 
at left indicate the position of 
the control surfaces. 

The problem of squeezing the 
necessary four instruments — 
rudder, left and right aileron, 
and elevator — into a space only 
3” x 3” x 2” was solved by the 
use of Bach-Simpson’s core- 
magnet movement. Eliminating 
the effect of variations in the 
aircraft supply voltage — our 
biggest headache — necessitated 
our designing and tooling a 
new ratio-type movement from 
scratch! 


...and some little ones! 


By contrast, the problem of creating a flexible coupling — to eliminate 
binding of the long control and switch shafts in the Bach-Simpson Model 
2610 Oscilloscope — seems minute! Yet in its own way, the resulting 
component at right also exemplifies the versatility of Bach-Simpson’s 
unique Engineering, Tooling and Production facilities —a combination 
which is at YOUR service! 


...can we help you with yours? 


WRITE FOR AN APPOINTMENT WITH OUR MOBILE 
DISPLAY UNIT . . . AND SEE WHAT WE MEAN! 


's) ) 
| Bach-Simpson 


. LIMITED 


T 1255 Brydges St., London 
(a 
For further information mark No. 14 on Readers’ Service Card 
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New products 


Photoelectric cells 101 
Type 5 photoelectric cells are available 
in almost any shape or size. A new 
manufacturing process permits fabrica- 
tion of the self-generating selenium cells 
in various spherical or cylindrical shapes, 
or as flexible strips which can be twisted 
into a variety of spiral designs. Sizes 
range as small as 1/16 inch square. Cur- 
rent sensitivity has been stepped up by 
2 to 1 foot-candle, and potential 
sitivity has been increased by 5 to 1 
foot-candle over cells formerly available. 
Daystrom Ltd., Toronto. 


sen- 


Combination 
materials 

The following combination 
have been developed for applications re- 
quiring the versatility of Phenolite lam- 
inated plastic or vulcanized fibre, bonded 
to other materials. 

Rubber-Phenolite combinations are in- 
tended for special applications requiring 
resilience, shock absorption, or the metal 
sealing characteristics of rubber. 

Rubber-fibre combinations can be used 
for some types of condenser sealing 
washers or for shock absorbing applica- 
tions where the toughness of vulcanized 
fibre is desirable. 

Phenolite-fibre combination, known as 
National switch insulation, consists of a 
Phenolite core faced with electrical grade 
vulcanized fibre. It provides the arc 
resistance of vulcanized fibre and the 
dimensional stability and mechanical 
strength of phenolic laminated plastic. 


162 


materials 


58 


Metal-Phenolite combinations can be 
used in printed circuits in electrical and 
electronic applications. 

Metal-fibre combinations 
supplied for applications such as 
plate capacitors, shims, or gaskets. 

Asbestos-fibre combinations provide 
the flame resistance of asbestos and the 


being 


spark 


are 


arc resistance of fibre. 

Vulcanized fibre-Mylar 
dielectric strength superior to 
straight vulcanized fibre. It 
better than Mylar alone 
greater rigidity and less slipperiness. 

National Fibre Co. of Canada 
Toronto. 


provides a 
that of 
handles 


because of 


Ltd., 


Pressure 
transducer 103 
The G300 general purpose inductance 
pressure transducer is a retracted dia- 
phragm type for use with f-m systems. It 
can be calibrated statically but has a high 
frequency response, and is capable of 
withstanding 100% overload without 
damage. Linearity and hysteresis is better 
than —1% of full range, and it can work 
up to 150 C without cooling. Pressure 
ranges available are: 0—10 psi up to 
0—10,000 psi. 
Conway Electronic 
Toronto. 


Enterprises Ltd., 


Digital clocks 104 

Two new digital clocks have been de- 
signed to fit into Hewlett-Packard digital 
recorders, thereby adding the time-of-day 


CANADIAN 


For further information on New 
Product items, use the Reader 
Service cards on pages 67 and 68. 


data. 
two 


information to other recorded 
Models 570A and 571B provide 
Qperating modes. In the first mode, digi- 
tal counters or other externa] equipment 
control the print rate, time being printed 
simultaneously with other data. In the 
second mode, for measurements where 
less frequent readings the 
digital clocks control the timing of read- 
ings. A front panel control selects read- 
ing rates. 
Atlas Inst. Corp. Ltd., Toronto 


are desired, 


Rate gyro has 
dc motor 105 

This new Giannini rate gyro contains 
a miniature transistorized power inverter, 
which eliminates the need for commuta- 
tors, slip rings and governor contact 
points. In addition to supplying rate-of- 
turn output, the gyro inverter can be used 
as a source of 400 cps ac power to other 
gyros or frequency-sensitive devices. Fre- 
quency is controlled to over the 
standard temperature range of 65 F 
to +165 F, with input voltage varying 
between 24 and 31 vdc 

ARVA, Vancouver. 


+1% 


106 


resistor 


Variable resistor 

Series 300 military variable 
uses a carbon-ceramic element. It sur- 
passes MIL-R-94B style RV6_ stability 
under’ military environmental conditions 
including moisture resistance and ther- 
mal cycling. An efficient heat sink 
results in full %4 watt power rating at 
70 C derated to zero at 150 C for higher 
JULY 
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load and temperature applications — 
25% to 50% better than MIL-R-94B. 
The resistance ‘element has double con- 
tactor paddles with adequate spring 
range. Resistance range is 1000 ohms 
through 1 megohm linear taper with 
+20% or +10% tolerances, rotation 
angle 295 deg. +3 deg. 

C. C. Meredith & Co. 
ville, Ont. 


Ltd., Streets- 


Toroidal inductors 107 


New additions to the UTC line of 
Mininductors are the MM-5_ through 
MM-8, and the MH-S through MH-8. 
Both scries are now complete from 1 
through 8. Units are designed for mce- 
dium and high frequencies adjusted to a 
tolerance of The coils are sym- 
metrical toroids constructed for low hum 
pickup while the finished units comply 
with MIL-T-27A type TFSRX20ZZ. In- 
ductance ranges from 0.25 henry to 40 


+2%. 


millihenries. 
United Transformer Corp., New York. 


High-voltage 
bushings 108 

Integrating the rectifier filament trans- 
former into the solid epoxy resin body 
provides a compact standoff bushing 
with rugged characteristics and low pow- 
er losses. Available types of filament 
transformers cover most of the common- 
ly used rectifier types. 

Type CRF-150K (illustrated left) pro- 
vides 150 kv peak isolation in air or oil. 
It contains a filament transformer with a 
primary designed for 100 to 135 volts, 
60 cps and a secondary, supplying from 
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lOO 300 


20 volts at 32 amps to 5 volts at 32 
amps. 

Iype CRF-75K (illustrated right) pro- 
vides a 75 kv peak isolation in air or oil 
The filament transformer has the same 
primary arrangements but a secondary 
range from 5 volts at 7 amps to 2.5 volts 
at 14 amps. 

Components for 


Alto, Calif. 


Research, Inc., Palo 


Synchronous motor 109 


Slo-Syn synchronous motor type 
SSSO is a permanent magnet type ac 
motor suited for a wide range of applica- 
tions requiring constant, 72 rpm _ syn- 
chronous speed and/or de stepping with 
instant starting, stopping or reversing 
Ratings are: input of 120 volts, 40/70 
cps, 1 phase, 0.30 ampere maximum at 
60 cps; 72 rpm at 60 cps; 50 ounce-inch 
torque; class B insulation; 75 C tempera- 
ture rise from 40 C maximum ambient 
under continuous duty. Standard types 
are available with specially designed 
planetary gear speed reduction assem- 
blies providing speeds of approximately 
16.6, 3.3, 0.67, 0.133 or 0.027 rpm. 

The American Superior Electric 
Ltd., Toronto. 


Co 


Meter relay 110 

API meter relay model 255-C features 
a locking contact which insures positive 
control action. Contact locking is pro- 
vided by a coil, separately connected but 
wound on the moving coil, which de- 
velops a pressure of 1 to 3 grams to 
hold the contacts together when activated 
by the current. The adjustable pointer 
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may be set for either a high or low limit 
Reset after contact closure may be either 
automatic. On dc this model 
sensitivity of 5 
maximum of 10 


manual or 
has a maximum 
amperes, and on ac a 
Range in millivolts on de is 5 and over, 
while for ac it is 250 millivolts and over 

Aeromotive Engineering Products Ltd., 
Pointe Claire, Que 


micro 


Power output 
tubes 

Type 7591 beam-power 
audio frequency power output tubes for 
use in audio amplifiers capable of high 
power output and low distortion. Rated 
screen dissipation is 3.3 watts, but screen 
dissipation of 6 watts is permissible dur- 
ing periods of maximum input of speech 
and music signals. Type 7591 uses a T-9 
glass bulb, an octal and can be 
mounted in any position 

Canadian Westinghouse 
Hamilton, Ont 
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pentodes are 


base 


Co Ltd., 


112 


designed 


Drafting pencil 
This new pencil has 
specifically for making 
polyester-based film such as Mylar and 
Cronar. Called the FTR (for film tracing 
reproduction), the pencil lead is com- 
pounded of new resins, fine graphites 
and some plasticizers which block out 
light to leave on copy prints drawings 
of black ink clarity. The pencils are pro- 
duced in six degrees of lead hardness, 
coded from FTR 11 to 66 
Joseph Dixon Crucible 
City, N.J. 
(Continued on page 60) 


been 
tracings on 


Co., Jersey 





Defence contracts 





Unclassified electronics contracts for 
$10,000 or more have been awarded to 
the following Canadian firms by the De- 
partment of Defence Production. A fig- 
ure in parentheses indicates the number 
of contracts, the amount being the total 
value. 


May 1-15, 1960 


> Bell Telephone Co. of Canada, Ot- 
tawa, technical representative, $16,948. 
> Bristol Co. of Canada Ltd., Toronto, 
relay armatures, $85,853. 
> Burgess Battery Co., 

Ont., batteries, $207,880. 
> Canadian Arsenals Ltd., Ottawa, radar 
devices, $207,479. 

> Canadian Aviation Electronics Ltd., 
Montreal, repair and overhaul of arma- 
ment radar systems, training devices, fire 
contro] systems and test equipment, $2,- 
455,424: modification kits for flight 
simulators, $17,574. 

> Canadian General Electric Co. Ltd., 
Toronto, tech. representative, $15,618. 

> Canadian Marconi Co., Montreal, radio 
communication equipment, $315,614 (2). 
> Canadian Telephone Construction Co., 
Ottawa, rehabilitation of outside 
phone cable plant, $19,595. 

> Computing Devices of Canada Ltd., 
Ottawa, electroplotter, $14,500; rental 
of air navigation equipment, $49,320; 
technical representative, $12,974; engi- 
neering services related to data process- 


Niagara Falls, 


tele- 


New products—cont. 





Halitron 
multipliers 113 

A series of five Halltron multipliers, 
designated MC-1 through MC-S, 
signed for general purpose applications 
requiring high output voltage. The MC-5 
with a low inductance coil can be used as 
a synchronous detector, wide band analog 
multiplier, wide band power meter, or 
squaring unit. The MC-3 coil can be 
driven directly by some operational am- 
plifiers for analog multiplier service or 
provide a high impedance input for dc 
power meter The core material 
used in the series can be driven to linear 
flux densities of well over 10 kilogauss 
and, consequently, to a high Hall output 
voltage level. 

Ohio Semiconductors, Inc., Columbus, 
Ohio. 


are de- 


service. 


Two-channel 
recording system 114 
MASSA Meterite 40 mm amplitude 
two-channel portable rectilinear record- 
ing system features interchangeable plug- 
in preamplifiers. Two models are avail- 
able: model BSA-250 using ink writing, 
and model BSA-260 for electric writing 
in addition to ink. The basic system as- 
sembly includes chart drive with 6 elec- 
tric speeds (0.5, 2, 5, 20, 50 and 200 


60 


ing, $130,000. 

> Domac Technical Sales Ltd., Ottawa, 
jack assemblies, $10,163. 

>» Philco Corp. of Canada Ltd., Don 
Mills, Ont., technical representative $23,- 
271 (2). 

>» Ray-O-Vac (Canada) Ltd., Winnipeg, 
batteries, $157,669. 

> Redifon Canada, Montreal, mainten- 
ance, repair, overhaul, and engineering 
support for operational flight and tactics 
trainer, $44,462. 

> T.M.C. (Canada) Ltd., 
tennae, $51,430. 


Ottawa, an- 


May 16-31, 1960 


> Andrew Antenna Corp. Ltd., Whitby, 
Ont., antennae and insulators, $12,530. 
>» Atlas Instrument Corp. Ltd., Toronto, 
equipment, $24,625. 

>» Canadian Arsenals Ltd., Ottawa, test- 
ing of electronic parts and materials, 
$395,000. 

> Canadian Aviation. Electronics Ltd., 
Winnipeg, maintenance of ground radar 
communications equipment, $50,000. 

>» Canadian General Electric Co. Ltd., 
Toronto, tactical analog bombing com- 
puter, $884,686; maintenance of radar 
and communications equipment, $238.- 
000; maintenance of communications 
equipment, $112,000; electrical lamps, 
$27,217. 

>» Canadian National Telegraphs, Ottawa, 
maintenance of teletype eqpt., $50,000. 
> Canadian Westinghouse Co. Ltd., 
Hamilton, procurement of production in- 
ventory for manufacture of aircraft fire 
control radar, $3,000,000. 


mm/sec.), 2 oscillograph units, and 2 
transistorized compensated driver am- 
plifiers. Maximum undistorted amplitude 
full scale is 40 mm, de to 40 cps; half 
scale, dc to 80 cps; quarter scale, dc to 
120 cps. Power requirements are 105 to 
125 volts, 60 cps, 60 watts. 

Atlas Instrument Corp. Ltd.,’ Toronto 


Direct reading 
attenuators 115 
Broadband direct reading attenuators 
series PRD Type 101 cover the fregency 
range of 3.95 to 40 nc in nine models, 


each having an attenuation range of 60 
db and a maximum VSWR of 1.15. The 
value of attenuation is determined by 
the angular position of a resistive film 
with respect to the waveguide and, 
therefore, is essentially independent of 
frequency. All nine units feature small 
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> Collins Radio Co. of Canada Ltd., 
Toronto, pre-production services associ- 
ated with the manufacture of aircraft 
radio equipment, $200,000. 

>» Computing Devices of Canada Ltd., 
Ottawa, tech, representatives, $48,000. 

> E.M.I.-Cossor Electronics Ltd., Dart- 
mouth, N.S., sonobuoys, $920,404. 

>» Garrett Manufacturing Ltd., Rexdale, 
Ont., repair and overhaul of airsearch 
angle of attack computers and associated 
transducers, $182,380. 

> Gen-Tec Ltd., Quebec City, repair and 
overhaul of equipment, $10.000. 

> Instronics Ltd., Stittsville, Ont., equip- 
ment, $29,759. 

> International Business Machines Co. 
Ltd., Toronto, tech, rep., $21.124. 

>» International Business Machines Co. 
Ltd., Ottawa, maintenance of data pro- 
cessing equipment, $27,844. 

> Northern Electric Co. Ltd., Ottawa, 
maintenance spares for teletypewriter, 
$13,072; spare parts for teletype equip- 
ments, $10,000. 

» Pye Canada Ltd., underwater ‘ele- 
vision cameras and accessories, $21,827. 
> RCA Victor Co. Ltd., Ottawa, main- 
tenance of ground radar back-up equip- 
ment, $204,000 (2). 

>» RCA Victor Co. Ltd., Montreal, tech- 
nical representatives, $27,646. 

> C. R. Snelgrove Co. Ltd., Don Mills, 
Ont., quartz crystals, $10,226. 

> Sperry Gyroscope Co. of Canada Ltd., 
Montreal, aircraft instruments, $545,513. 

Ltd., 
for 


Canada 
tubes 


> Varian Associates of 
Georgetown, Ont., electronic 
testing, $24,947. 


insertion length, 60 db range, tape 
readout, built-in height adjustment and 
low insertion loss. 

PRD Electronics, Inc., Brooklyn, N.Y. 


Power meter 116 

The FXR model B832T transistorized 
temperature compensated power meter 
will measure either cw or pulsed rf power 
in five full scale direct reading ranges 
from 30 microwatts to 3. milliwatts. 
Values can be read in mw or cbm. Pro- 
vision is made to calibrate the dc voltage 
at all and the bridge is 
balancing at 200 ohms. The meter is en- 
ergized by a self contained rechargeable 
nickel cadmium battery. 

Radionics Ltd., Montreal. 


levels self- 


Molding compound 117 
Crane Packing Co. is producing a new 
molding powder of Du Pont’s Teflon 
100-FEP resin compounded with in- 
organic reinforcing materials, such as 
Fiberglas and graphite. The properties of 
Teflon 100-FEP are considerably en- 
hanced for many applications through 
the addition of a filler. This filled mater- 
ial is stiffer, has a smaller shrinkage 
factor (up to 50%) in molding operations 
and has better wear resistance than the 
unfilled Teflon 100. Typical applications 
include coil forms and bobbins, tube 
sockets and connector assemblies Crane 
Packing Co. Ltd., Hamilton. 
JULY 
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Transistor switching 
unit 118 


Trans-Switcher, designed by Brush 


Instruments, is a transistor switching 

unit with high input impedance. It. ac- | NE yy 
cepts up to 100 different on-off signals | 

in a broad range of voltages and pulse 


shapes, and within 100 uses, displays | faat-lel=, Te 'OF-1ab-lot- 


graphically the signal condition on a 


direct writing sequence recorder. The 
Trans-Switcher contains. ten decade 
boards with each one capable of han- 
dling 10 signals in a wide range of volt- 
ages and pulse’ shapes. Switching 
decades are available for signal levels 
as low as five volts dc and can be de- 
signed for either positive or negative 
pulses of duration as short as four milli- 
seconds. 

Bayly Engineering, Ltd.,. Ajax, Ont. 


Diode recovery 
plug-in unit 119 
The Type S Plug-In Unit displays the ‘‘quality package’’in 
semiconductor diode switching character- lies 
istics on the crt of an associated oscil . . - 
loscope. It permits measurement of mo bile corn mt nications 
certain diode parameters readily and 
reliably from the display. It allows pre- 
diction of diode performance in a circuit NEW! No derating of performance —40°F. to +140°F. 
through analysis of the recovery and Quiet running, dependable transistorized power supply. 
turn-on characteristics. , : pn d ~ 
With a Type S Unit installed in a Tek- Compact case, easy to install. Competitive in cost, this 
tronix fast-rise oscilloscope, the follow- high-power mobile unit gives base-station stability 
ing properties of diodes can be observed: provides crystal clear reception at maximum working 
(1) stored charge as low as 5 picocou- = i i “- . ‘ . 
lense (2) bane sesietence os tow on 0.25 distances .. . is fully certified for land-mobile service 
ohms, (3) junction capacitance as low as and complies with D.O.T. type approval requirements for 
2 picofarads, and (4) recombination rate split channel use. Write for literature on Du Mont 
of minority carriers with effective life- 
time as low as 2 nanoseconds. 
The versatile unit can also be used to in mobile communication. 
observe transistor junction characteristics 
and to measure circuit component resis- 
tance, capacitance, or inductance. 
Tektronix, Inc., Willowdale, Ont. @ HI-POWER @ SEALED SELECTIVITY 
a, . Mobile units with the equiva IF selectivity determined by 
Miniature printer 120 lent power of a conventinaal directly ieberehansenbie fixed 
A new, small (3” diameter), high speed base station. frequency filters for either 
printer, developed by Potter Instrument split channel or adjacent 
Co. for air traffic control, can be used @ HIGH STABILITY channel operation. 
in connection with radio despatching through the use of high pre 


wherever a printed record of messages cision low drift crystals DEALER ENQUIRIES INVITED 


mobile radio systems . . . Canada’s “quality package” 


Transmitter, receiver, power 
supply and all relays in one 


compact case U Monr 


@ COMPLETE YET COMPACT J 
er 


7 y. ELECTRONIC RESEARCH 
>. DEVELOPMENT COMPANY LTD. 


is wanted Model 3310 printer, which 
can also be used for computer output, 
is only 94%” long with a self-contained Western Sales Office: Eastern Sales Office: 
paper supply. It is capable of printing 210 - 9th Avenue S.E. 3633 Dundas Street W 
more than 30 characters per second on Calgary - Alberta Teronte . Ontario 
5/16” paper tape. 

Instronics Ltd., Stittsville, Ont. For further information mark No. 27 on Readers’ Service Card 
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People — continued 


SYNCHROS?  ssoosissn 


manager 

Sylvania Electric Products Inc. has 

appointed O. John Hayles as general 

Go manufacturing manager of Sylvania 
Home Electronics. Mr. Hayles, who 

hd rejoins Sylvania from Pyle National 
Straight (Canada) Ltd. of Toronto, was in 
charge of Sylvania’s Canadian tele- 

t vision and radio manufacturing opera- 
0 tions until this year. He joined Syl- 


vania in 1951 as a design engineer 
MUIRHEAD! at the Rano Street plant in Buffalo. 

Previously he had been on the faculty 

of the University of Vermont and 
MUIRHEAD have more than has served with International Tele- 
twenty years’ practical experience phone and Telegraph, and Northern 
Electric Company. He graduated from 
the University of British Columbia 
with an electrical engineering degree 
and received his masters degree from 
McGill University. 





of producing all types of 
synchros and servomotors for 


every requirement. 


The range extends from 08 
to 23 and meets all the Service 

requirements of Bu. Ord., manager 

N.A.T.O. and British Military RCA Victor Co. Ltd. has appointed 
V. H. Young as manager of technical 
product service. Mr. Young has been 
There is a new broadsheet with the Service Division since 1946, 
available which lists all the after serving for seven years with the 
RCAF. He will maintain control of 
industrial service and will also be in 
charge of service for government con- 
tracts. This includes installation and 
maintenance of radar and communi- 
cations equipment. 


specifications. 


types available. Data sheets 


and prices on request. 


TECHNIQUE 
A quarterly journal for the 
engineer, scientist, research 
worker and technician, 


containing articles on the * : i 
latest application and ; Young McNeill 
developments of Muirhead res ; 

ee ee 1 Elected Progress Club president 

AS or ye 7 é 2 ? 4 7 . , . 

placed on our Technique Successor to Wm. L. Moynihan as 
mailing list. a ' president of the Canadian Progress 


Club—Toronto-Downtown is Frank 
H. MeNeill, South District plant su- 
P R = Cc t <4 i oO Pd * The board of directors of the Elec- 
* * tronic Industries Association elected a 
ELE Ce TRI Ce AL ,' ‘ new president at the end of their an- 
% nual convention held in Chicago dur- 
INSTRUMENTS ing May. He is L. Berkley Davis, 
vice-president of the General Electric 
Company and general manager of its 

Se Electronic Components Division. 

Stratford, Ontario, Canada. ‘ 

Telephone: 3717 & 3718 Mr. Davis succeeds David R. Hull, 
a vice-president of Raytheon Com- 
pany, who was first elected to the 
EIA presidency in 1958 and served 


two terms. 
CANADIAN ELECTRONICS ENGINEERING JULY 1960 


Company of Canada. Vice-presidents 


a4 « | perintendent, The Bell Telephone 
, are A. H. Wayling and D. M. Snell. 


U. S. EIA elects new president 


454/3CA 
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CAMESA News 


This bulletin has been prepared for 
CEE by the Approvals and Specifi- 
cations Divisions, Canadian Military 
Electronics Standards Agency. 





>» A considerable number of elec- 
tronic parts specifications call for a 
high impact shock test performed on 
a machine designed by the U.S. Naval 
Research Laboratories. The shock im- 
pact is provided by dropping a 400-Ib 
hammer through a 5-ft distance onto 
an anvil upon which the test speci- 
men is mounted. There are now two 
such machines installed in the plants 
of Canadian parts manufacturers, and 
an additional two in CAMESA test 
laboratories. 

CAMESA has recently completed 
a correlation program comparing the 
results of all four machines. Simul- 
taneous measurements were taken by 
three methods: accelerometers, a vel- 
ocity meter, and a vibrating reed de- 
vice. First conclusion is that machines 
designed and built to the NRL speci- 
fication in all respects will produce 
comparable shock effects within the 
requirements of the services, and that 
detailed calibration of every new ma- 
chine may not be necessary. | 


>» Contractors involved with the CF- 
104 electronics system for the RCAF 
are reminded that applications and en- 
gineering information of a general na- 
ture is available from CAMESA. In- 
formation of this nature can be ob- 
tained by arrangements through the 
RCAF Project Officer concerned with 
the contract or, in the case of gen- 
eral documentation, direct from CA- 
MESA. 


> In view of the normally short time 
periods between invitations to bid and 
tender, and the expected delivery date 
on many U.S. and Canadian military 
contracts, Canadian part manufactur- 
ers are urged to maintain their ap- 
provals up-to-date to the current issue 
of the specification. The short time 
periods involved usually do not per- 
mit requalification in time to tender 
on current contracts. CAMESA Pro- 
ject Officers will be pleased to assist 
Canadian part manufacturers in es- 
tablishing their products on U.S. and 
Canadian Qualified Products Lists. 


> Specification MIL-M-10304B, cov- 
ering ruggedized panel type electrical 
indicating meters, is now in the final 
draft stage. Details of exterior finish 
processes have been added, and it has 
been specified that all 242-, 34%-, and 
42-inch meters shall be provided with 
an external zero adjuster. Changes 
have also been made in the test se- 
quence. 
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> Specification MIL-R-29A, covering 
fixed multiplier resistors for use with 
meters, is now in the final draft stage. 
Four new resistance values have been 
added, three to style MFA and one 
to style MFB. Some changes to the 
inspection requirements have also 
been made. It includes film-type ele- 
ments as in characteristic “C” of 
MIL-R-10509. 


> Specification MIL - C - 19978A 
(Navy) with Amendment |, covering 
fixed, plastic dielectric hermetically- 
sealed capacitors is expected to be 
issued shortly. The characteristic “P” 
temperature coefficient has been 
raised from + 30 to + 50 ppm, and 
the high temperature cycling test for 
this characteristic has been raised 
from 65 + 3/—0 to 80 + 3/—0 
deg. C. 


> Specification JCNAAF-A-222 Issue 
6, which deals with the Application 
of Approved Specifications, standards 
and related documents for electronic 
equipment will be issued by CAME- 
SA in the near future. This specifica- 
tion defines the function of documents 
issued by CAMESA and explains the 
manner in which they are to be used 
by the industry. It also delineates the 
responsibilities of government agen- 
cies and industry in the application 
of the referenced documents. 


‘ Ulisse: DAG 


SEBIT 24 (pictured above) 
A recent development incorporating 
design refinements evolving from years 
of development and field test exper 
ence.”” In addition, emphasis is pla 
m high reliability 
SPECIFICATIONS: 
Transmitter Input 
+ 50V-MARK 
ground reference 
at the bit rate 
Transmitter Input Impedance: Greater 
than 5,000 ohms 
Transmitter Output Level and Impe- 
ance: 20 to +6 dbm, 600 ohms . 
Receiver Input Level: 35 to +6 din 
(Automatic gain control) 
Receiver Output Level and Impedance 
1 min to 5.35 4 
reference information at 
600 ohms (nominal load 
External 96-KC Input Level and Im- 
pedance: One volt min 10 volts 
max., RMS sine wave. Greater thar 
10,000 ohms 
External Clock Input Level and aaget 
impedance: 2.95 min. to 7.5 max 
peak-to-peak sine wave Oo te 
2500 cycles) Greater than 5,000 
ohms 
Transmitter Clock Signal Output Level 
and Signal Output Impedance: 5.25 
to 7.00 volts peak-to-peak sine wave 
at the bit rate—600 ohms 
Receiver Clock Signal ie gs Covel 
and Output Impedance: 3.25 7.00 
volts peak-to-peak sine wave -< ihe 
bit rate—600 ohms. 
96-KC Oscillator Output (internal): 
1.5 V peak-to-peak sine wave with 
a 10,000 ohm source impedance; 30\ 
two microsecond pulse with 600 ohm 
source impedance. 


The 


Level: $ ) 
1 to ' SPAC : 
digital informati 


For further information 
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circuit 
date for 3000 word per minute teleprinters; 
dota between 
scon TV or facsimile information; 
plex 
metering dato 


izer @ 
chronized 
received data pulses « 
ground 
under adverse transmission conditions « Standard rack 
mounting 


2414 Reedie Dr. . 





THE CONSOLIDATED 
MINING AND SMELTING 
COMPANY OF CANADA 

LIMITED 


TRAIL OFFICE 


Challenging career opportunities 
are available for physicists particu- 
larly in the “Solid State” field. Ex- 
cellent opportunities are provided 
for broad professional develop- 
ment. 

Cominco is becoming an important 
supplier of Electronic Materials for 
an international market. Research, 
development and manufacturing 
programs are expanding and open- 
ings have been created for physi- 
cists with PhD., M.Sc., or B.Sc. 
training interested in this important 
new section of the metals industry. 

Pure Metals 

111-V Compound Semiconduc- 
tors 

Thermoelectric Materials 

Precision Fabrication 

Semiconductor Parameter Mea- 
surements 
Enquiries are invited. 
to: 


Please write 


J. A. Gray, 
Personnel Division, 

The Consolidated Mining and 
Smelting Company of Canada 
Limited, 

Trail, B.C. 
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SUCCESSFUL 
DEVELOPMENT 
Through SKILLED 
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RIXON 


by 


SEBIT 24 DATA MODEM 


Sebit 24 is one of a series of wire line terminal 


units for the transmission and reception of binory in 
formation at 
nominal 3-KC voiceband, 


600/1200/2400 baud (bits/sec) in a 
such os a long distance toll 
Sebit 24 finds use in transmitting message 
high-speed 
business machines and computers; slow 
time division muylti 
sequential transmitting of tele 


The 


information; and 


Built in signal monitor © Fully transistorized « Fast 


ecting AGC and self-contained variable delay equal 


highly stable, aviomuiicolly syn 
detection ond regeneration of 
Dota input-output is serial, 
rate seliable 


Contains 
clock for 


referenced * Low error 


Other data transmission developments 


Sebit 25—Data modem up to 2500 bits/sec 
Data modulators and demodulators 
Variable delay equolizers 

Transistorized signalling reloys 
Filters—fixed and tunable 


RI ON ELECTRONICS, INC. 


Silver Spring, Md., U.S.A 


LO. 5-4578 
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GANNON 


makes 


PLUGS 


for every purpose! 


the 
CANNON “CRIMPEE” 


solderless U.H.F. coaxial plug 


This inexpensive plug may be 
used in mobile communications 
equipment, ham radio sets, tele- 
vision master antenna sets, and 
other equipment. It can be as- 
sembled in minutes, without sol- 
dering, with the aid of a specially 
designed crimping tool. It is read- 
ily interchangeable with Military 
PL-259 plugs and mates with the 
SO-239 receptacle and is avail- 
able for five cable sizes: RG-8/U 
9/U, 11/U, 58/U and 59/U. Write 
today for bulletin T-180A. 

In Canada and throughout the 
free world, Cannon Plugs are 
answering the specialized prob- 
lems of industry and defence. 


CANNON 
PLUGS 


CANNON ELECTRIC CANADA Limited 
160 Bartley Drive, Toronto 16, Ont. 
Montreal, Montreal Airport, 
Dorval, P.Q. 


Ottawa, 1168 Gertrude Street 


For further information mark No. 20 
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Reports—continued 





London, Ont., area under the direction 
of the authors. The study examines 
their information on the purchasing 
processes of these companies, repre- 
sentative of the Canadian Industrial 
market. It covers the purchasing pro- 
cess for realization of need, to actual 
purchase or a large, medium and 
small item in each company. 

“How Industry Buys” examines the 
impact of mechanized promotion and 
personal selling on the industrial buy- 
er. It traces the complex process of an 
industrial purchase through teams of 
buying influences inside and outside 
the purchasing companies. The study 
also discusses advertising, direct mail 
and distribution as factors that in- 
fluence the quality of industrial mar- 
keting. 

The report was one of 94 entries 
in the Mediascope competition. The 
magazine states, “The judges in this 
classification reached an early unani- 
mity in awarding (the plaque) to Busi- 
ness Newspapers Association of Can- 
a...” 

(Copies of “How Industry Buys” 
are available at $7.50 each from Busi- 
ness Newspapers Association, 100 
University Ave., Toronto.) 


Service bureau located in 
downtown Toronto 

International Business Machines 
has opened a new service bureau at 
the corner of King St. and University 
Ave. in downtown Toronto. It re- 
places the bureau formerly operated 
at the IBM plant in Don Mills. 


Ottawa Report—contd. 


One point he made which in- 
dustry often overlooks is that 
part of the NRC function is co- 
ordinating research done by 
various organizations and mak- 
ing sure that all interested par- 
ties are aware of what others 
are doing. 

The lesson: before proceeding 
with some new research project, 
check with NRC to see whether 
it hasn’t already been explored. 

It has been the experience of 
NRC in the past that a corpora- 
tion will bring a problem to 
NRC after the corporation’s re- 
searchers have been exploring 
it—and perhaps have run into 
knotty problems — for some 
time, only to learn that some 
other interest, or NRC scientists 
themselves, had already worked 
on the problem, and perhaps 
even solved it. 
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You can be certain of flawless finishes on CAMBION Panel 

. P ’ Handles when you install them. They’re buffed before plating 
we /] come running— to remove every surface imperfection . . . color buffed after 
plating for lasting luster. Then they’re packaged in individual 

envelopes . . . positive protection against damage no matter 
: : how often they’re handled, or how long they're stored before 
low cost is a Comar specialty. use. Available in 36 different standard combinations: rigid, 
Our engineering and manu- omar ost adjustable, and folding types. Finishes of polished nickel, 
facturing facilities are geared = black oxide, semi-frost and black alumilite. Base metal: 
to save you time and money. ail > aluminum or brass. Write Cambridge Thermionic Corpora- 
: | » f we tion of Canada, Ltd., 2425 Grand Blvd., Montreal 28, P.Q., 

When you need relays, simple ( ( | if for full details on these and other products in the wide line of 


@ Producing relays fast and at 


or complex, industrial or 


military, Comar can serve anxse denies ereer . 
you best. Inquiries invited. CHICAGO 18, ILLINOIS VA\VN NExICON] 
The guaranteed electronic components 


RELAYS e SOLENOIDS e COILS e SWITCHES e HERMETIC SEALING 
For further information mark No. 22 on Readers’ Service Card For further information mark No. 16 on Readers’ Service Card 








POWER TUBES FOR INDUSTRY 
“NATIONAL ELECTRONICS” mayan element 


20 C/S RINGING SUPPLY 


PYLON RINGING GENERATOR 
TYPE RG-1 


T . - . + 9: . . 5 f avs ‘ aru 3 

National Electronics specializes exclusively in the produc- 24V or 48V battery input 

tion of Ignitron, Rectifier and Thyratron tubes. They are Dependable transistor circuitry 
of the highest quality fully guaranteed and competitively : 
priced. 

Ignitrons supplied optionally with thermostatic water sav- 
ing control and/or protection. 

Write us for free “Maintenance Hints in Industrial Elec- 
tronic Tubes” manual. 


PAYETTE RADIO LIMITED || Pili FLECIRONC DEVELOPMENT company, Itd. 


Communications Systems and Equipment 


730 ST. JAMES W. ° MONTREAL 
161 CLEMENT ST., LASALLE, MONTREAL 32, QUE. 


No maintenance or adjustments needed 
Shipment from stock 
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Round-up: 


news and future events 





2 le 
At Hamilton, Ont., Dr. 


4 


R. L. McFarlan, centre, president of IRE, met local 


members including F. Heath, left, chairman of the IRE Canadian Convention; 
K. Mackenzie, chairman, Toronto Section; W. E. Jeynes, chairman, Hamilton 
Section; Dr. T. W. R. East, chairman of the new Kitchener-Waterloo Section. 


McFarlan, president of IRE, 
visits Canadian sections 


Dr. Ronald L. McFarlan, president 
of the Institute of Radio Engineers, 
has been visiting the Canadian Sec- 
tions within recent weeks. He plans 
on returning to Canada in the Fall 
to attend the communications sym- 
posium being organized by the Mont- 
real Section for November 4 and 5. 

During his brief stop at Hamilton, 
Ontario, Dr. McFarlan met members 
of the new Kitchener-Waterloo Sec- 
tion, and congratulated them on their 
elevation to full section status. They 
had been a sub-section of the Ham- 
ilton Section. Much of the credit for 
obtaining the new status is due Mr. 
G. Dufault, retiring chairman of the 
Kitchener-Waterloo _—_ Section. His 
duties for this year have been taken 
over by Dr. T. W. R. East. 

Meetings of the Kitchener-Waterloo 
Section will be held at the University 
of Waterloo on the third Monday of 
each month during the season. 


Computing society 
expands operations 
The Computing and Data Process- 


Executive of the Computing and Data Processing Society of Canada are H. S. 


Gellman, vice-president; Dr. C. C. Gotlieb, president; O. M. Mackey, treasurer; 
H. J. M. Watson, secretary. Not present was G. S. Glinski, vice-president. 
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ing Society of Canada is expanding 
its operations by organizing local 
chapters. The first two are planned 
for Ottawa and Montreal, but it is 
expected that other cities will form 
chapters in the near future. The So- 
ciety was formed last year. 

The Society has just completed its 
second conference at the University 
of Toronto with over 300 people reg- 
istered for the two days of meetings 
and workshop sessions. Most of those 
attending this year were businessmen 
with direct interest in the use of com- 
puters and a keen desire to learn more 
about the state of the art. 

One of the more interesting papers 
was “Computers of the future” by M. 
Rubinoff, Moore School of Electrical 
Engineering. Mr. Rubinoff took ex- 
ception to the statement that com- 
puters can’t think. “The reason com- 
puters cannot think,” he said, “is be- 
cause we have imposed a dictatorship 
of thought control upon them. They 
can think to the extent that we edu- 
cate them to think.” 

Mr. Rubinoff then went on to trace 


CANADIAN 


the development of computers from 
simple machines up to the sophisti- 
cated ones capable of reproducing 
other machines in their own image. 
The author predicted that computers 
will replace more of the middle-class 
management as decision making ca- 
pabilities are improved in the ma- 
chines. The people affected will be 
those making decisions where the 
problems are fairly well defined. 
Computers, like other electronic 
products, will undergo a change in de- 
sign as our knowledge of micro-elec- 
tronics and molecular electronics in- 
creases. This will lead to smaller ma- 
chines of much improved reliability. 


COMING EVENTS 


July 

21-27 3rd International Conference 
on Medical Electronics, Lon- 
don. The Institution of Electri- 
cal Engineers, Savoy Place, 
London, W.C.2. 

Aug. 24-Sept. 3 British Radio and 
Television Exhibition, Earls 
Court, London. 


Aug. 29-Sept. 3 Conference on 
nuclear structure, Queen’s Uni- 
versity, Kingston, Ont. 


September 
6-17 Conference on the use of radio- 
isotopes in the physical sciences 
and industry, sponsored by In- 
ternational Atomic Energy 
Agency, Vienna, and to be held 
in Copenhagen, Denmark. 
Fall Instrument-Automation 
Conference & Exhibit and 15th 
Annual Meeting of the Instru- 
ment Society of America, Colis- 
eum, New York, N.Y. 
October 
4-7 10th Annual Instrument Sym- 
posium and Research Equip- 
ment Exhibit, National Insti- 
tutes of Health, Bethesda, Md. 


26-30 


£ 


Data recording 
at PARL 


The Prince Albert Radar 
Laboratory (PARL), operated 
by DRB at Prince Albert, Sask., 
is the location of the most pow- 
erful uhf radar used for research 
by Canadian scientists. M, A. 
MacLean of DRTE, Ottawa, 
will describe in the August issue 
the digital recording of radar 
data at PARL. 

Other articles will deal with 
a new high-level pulse amplifier, 
and the ultrasonic cleaning of 
wire spring telephone relays. 
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New ieee new instrumeiteli 
factually reported for you in the 
HEWLETT-PACKARD 


) JOURNAL 


Typical subjects : 


MICROWAVE DEVICE NOISE FIGURE. What it 
means, how to measure it, automatic noise figure re- 


cording, new meters and noise sources. 


MEASURING DC VOLTAGES DOWN TO 1 ywV. 
New techniques, new instruments permit direct read- 


ings of extremely small voltages. 


TESTING QUARTZ PLATES FOR 5 x 10° WEEK 
ACCURACY in new 10 MC electronic counter. 





“NO-CONNECTION” MEASUREMENTS OF DC 
CURRENTS. New milliammeter approach requires no 


soldering; doesn't load circuit 


AUTOMATIC PRINTED RECORDS FROM DIGITAL 
VOLTMETERS; straightforward method of recording 


new equipment available. 


YOURS WITHOUT CHARGE FROM op) 


The @® Journal, reporting throughout the year on measuring developments in all spectra, is sent without 


charge to engineers in electronics and allied fields. Simply write: 


EDITOR, 


Hewlett-Packard Journal 
5222L Page Mill Road 
Palo Alto, California 


yp) Complete Coverage in Electronic Test Instruments 
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One kilowatt power in a compact 


ceramic package is now available to 


400Mc., with the Eimac 4 OOOA 


radial-beam power tetrode. 

The new, expanded frequency range 
coverage of the versatile 4CX1000A 
makes it ideal for AM, FM and SSB 
operation in the important govern- 
ment communication band, 225- 
400Mc., and for FM and VHF-TV 
broadcasting. 


An excellent linear amplifier tube, 





the 4CX1000A has low voltage, high 
current, high gain characteristics. It 
achieves maximum rated power output 
in Class AB,, SSB service without 


erid current. 


Illustrated here, actual size, it is 
easy to see why this compact, rugged 
ceramic tetrode is ideal for tight 
space, high power situations. 

A companion air-system socket to 
meet your specific requirement is 
available with the 4CX1000A. 


(Actual Size) 


TYPICAL OPERATION 4CXIQO0A (400Mc FM Amplifier 


DC Plate Voltage 3000 volts 
DC Screen Voltage 250 volts 
DC Plate Current 750 ma 

DC Screen Current 45 ma 

Driver Power Output 15 watts 
Useful Output Power 1100 watts 
EITEL-McCULLOUGH, INC. 


San Carlos, California 
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